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As i s  by now w e l l  known, r a c e m ic  s e c o n d a r y  a l c o h o l s  o f  the  
g e n e r a l - f o r m u l a '  R]_RgGHOH may be c o n v e n i e n t l y  r e s o l v e d  i n t o  
t h e i r  o p t i c a l l y  a c t i v e  i s o m e r i d e s  by c o n v e r t i n g  them i n t o  a c i d  
e s t e r s  o f  d i b a s i c  a c i d s  such  as  p h t h a l i c  and s u c c i n i c  a c i d s .  
A l k a l o i d a l  s a l t s  o f  t h e s e  a c i d  e s t e r s  n o r m a l l y  u ndergo  
s e p a r a t i o n  i n t o  t h e i r ^ s t e r e o i s o m e r i d e s ,  e . g .  dA .lB  and 1A.1B, 
when s u b m i t t e d  to  f r a c t i o n a l  c r y s t a l l i z a t i o n  from a s u i t a b l e  
s o l v e n t .  In t h i s  way,  one o r  b o t h  o f  th e  a c t i v e  i s o m e r i d e s  may 
be o b t a i n e d  In an o p t i c a l l y  pure  fo rm .
/
The p r o c e d u r e  seems to  be o f  g e n e r a l  a p p l i c a t i o n  and by
i t s  means a l a r g e  number o f  s e c o n d a r y  a l c o h o l s  have been
r e s o l v e d ;  t h e s e  a l c o h o l s  have b e e n ' o f  w i d e l y  v a r y i n g  t y p e s  as
i n d i c a t e d  by the  f o l l o w i n g  c l a s s i f i c a t i o n :
( i )  P u r e l y  a l i p h a t i c ,  e . g .  MeEtCHOH (1)
( i i )  P u r e l y  a r o m a t i c ,  e . g .  Ph.CHOH.C0H4Me (2)
( i l l )  Mixed a l i p h a t i c - a r o m a t i c ,  e . g .  Me.CHOH,C10H7 (3 )
( i v )  Mixed a l i c y c l i c - a r o m a t i c , e . g .  Ph.CHOH.C0H ( 4 )
(v )  Mixed a l i c y o l i c - a l i p h a t i c  , e . g .  Me .CHOH,CqH;q  (5 )
( v i )  H y d r o a r o m a t i c , e . g .  .CHo-CHn . N
CH2 crfoHV-ft- ( 6 )
'CHg-CHg'
( v i i )  U n s a t .  a l i p h a t i c ,  e . g .  Me .CHOH.CH^CHg (7)
( v i i i )  U n s a t .  a l i p h a t i c - a r o m a t i c , e . g .  Ph .CHOH .CH=CH2 ( 8 )
( i x )  H e t e r o c y c l i c ,  e . g .  CHg-CHg
CHp JCH.CHoOH
L ( 9 ) ,
CHp-CHp 
I t ^
CHp CH.CHOH .Me
. 'P.q/
(10 )
2In view o f  t h i s  s u c c e s s f u l  a p p l i c a t i o n  o f  the g e n e r a l .
method to  a wide rang e  o f  s e c o n d a r y  a l c o h o l s  i t  becomes some­
what s u r p r i s i n g  t h a t  when th e  same p ro c e d u re  ’i s  a p p l i e d  to  
t e r t i a r y  a l c o h o l s  i t  has  a lw a y s ,  e x c e p t  in  one i n s t a n c e  w h ich  
w i l l  be d i s c u s s e d ,  be low , p ro ved  f r u i t l e s s ,
T e r t i a r y  a l c o h o l s ,  as  a r u l e  c a n n o t  be c o n v e r t e d  i n t o
t h e i r  a c i d  e s t e r s  by th e  same c o n v e n i e n t  p ro c e d u re  w h ich  i s
e q u i m o l e c u l a r  p r o p o r t i o n s  o f  t h e  a l c o h o l  and o f  a c i d  a n h y d r i d e ,  
w i t h  o r  w i t h o u t  th e  a d d i t i o n  o f  a m o l e c u l a r  p r o p o r t i o n  of  a 
t e r t i a r y  b a s e ,  u s u a l l y  p y r i d i n e ,
T h is  f a i l u r e  to  y i e l d  a c i d  e s t e r s  by d i r e c t  c o m b in a t io n  
i s  p r o b a b l y  due t o  more t h a n  one c a u se ?  ( a )  th e  much more 
p ronounced  t e n d e n c y  o f  t e r t i a r y  a l c o h o l s ,  to  u n de rg o  d e h y d r a t i o n
to  form an u n s a t u r a t e d  h y d r o c a r b o n ,  and (b)  th e  much lo w e r
\
r e a c t i v i t y  o f  the  h y d r o x y l i c  h y d rog en  atom o f ' t e r t i a r y  a l c o h o l s ,  
e , g  . me t h y 1- e t h y l - n - p r o p y l  c a r b i n o l  a t  i t s  b o i l i n g - p o i n t  
(1 4 0 °C .)  i s  d e v o id  o f  a c t i o n  om m e t a l l i c  sod ium .
T his  d i f f i c u l t y  c a n ,  how ever ,  be su rm oun ted  by the  
a p p l i c a t i o n  of the  p ro c e d u re  d e v i s e d  by Tiemann and K ru g e r  ■ 
( 1 1 ) ,  in  w h ic h  the  t e r t i a r y  a l c o h o l  i s  f i r s t  c o n v e r t e d  i n t o  i t s  
p o t a s s i o - d e r i v a t i v e  b e f o r e  a d d in g  i t  t o  a s o l u t i o n  o f  the  a c i d  
a n h y d r i d e .  In th e  c a s e  o f  p h t h a l i c  a n h y d r id e . ,  t h i s  r e a c t i o n  
may be r e p r e s e n t e d  by t h e  e q u a t i o n ?
a p p l i c a b l e  in  the  c a se  o f  s e c o n d a r y  a l c o h o l s , . i . e • by h e a t i n g
R .O K .+
0
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By means o f  t h i s  d e v i c e ,  the  hy d ro g en  p h t h a l i c  e s t e r s  o f  
a number o f  t e r t i a r y  a l c o h o l s , -  i n c l u d i n g  m e t h y l - e t h y l - n - p r o p y l  
c a r b i n o l ,  have been p r e p a r e d ,  u s u a l l y  in good y i e l d s  a n d , a s  
r e a d i l y  c r y s t a l l i z a b l e  compounds.
F u r t h e r m o r e ,  t h e s e  e s t e r s  can be made to  g iv e  s a l t s  w i t h  - 
the  commoner a l k a l o i d s  su c h  as  b r u c i n e ,  s t r y c h n i n e  and c i n c h o -  
n i d i n e ,  w h ich  r e c r y s t a l l i z e  w e l l  from s u i t a b l e  s o l v e n t s .
Y e t ,  w h e re a s  in  th e  c a se  o f  s e c o n d a r y  a l c o h o l s  a q u i t e  
p ro nounced  d i f f e r e n c e  in  s o l u b i l i t y  between t h e  d i a s t e r e o i s o -  
m er ic  s a l t s ,  o f  w h ic h  th e  m ix tu r e  i s  p re s u m a b ly  c o m p o s e d ,b i s  
o b s e r v e d ,  t h i s . w a s  n o t  found  to  be t r u e  when t e r t i a r y  a l c o h o l s  
were  i n v e s t i g a t e d .  Very  r e c e n t l y ,  D o e r ing  and Z e i s s  (1 2 )  have 
c l a im e d  to  have r e s o l v e d  methyl-^e thy  1-* i s o b u t y l  c a r b i n o l  t h r o u g h  
the  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  the  b r u c i n e  s a l t  o f  i t s  
h yd rogen  p h t h a l i c  e s t e r ,  and to- have  o b t a i n e d  the  f o l l o w i n g  
s p e c i f i c  r o t a t i o n s  f o r  the a c t i v e  a 
(c  ~ 5 %; in  95% e t h a n o l )
But in  the  many o t h e r  a t t e m p t s  a t  r e s o l v i n g  t e r t i a r y
a l c o h o l s  by t h i s  m ethod ,  the  v a r i o u s  f r a c t i o n s  o b t a i n e d  in  th e  
r e c r y s t a l l i z a t i o n s  o f  the  a l k a l o i d a l  s a l t s  have  i n v a r i a b l y  
y i e l d e d  an o p t i c a l l y  i n a c t i v e  h y d ro gen  p h t h a l i c  e s t e r  a f t e r  
rem o v a l  o f  the  a l k a l o i d  by the  u s u a l  m ethod o f  d e c o m p o s i t io n , .
T h is  f a i l u r e  h a s  been met w i t h  in  numerous c a s e s  in  w h ich
the  a c i d ,  the  a l k a l o i d  and the  s o l v e n t  had  been v a r i e d .
T h is  b e h a v i o u r  i s  so u n i fo rm  t h a t  i t  i s  d i f f i c u l t  t o  
a c c o u n t  f o r  i t  on the  a s s u m p t io n  t h a t  a l l  th e  v a r i o u s
l o o h o l :  £o<]q7~2 .6  and
■ • 4
d i a s t e r e o - i s o m e r i c  s a l t s  form ’’mixed c r y s t a l s ” u n d e r  th e
d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s  em ployed ,  ■,
 ^ There i s  one o b v io u s  d i f f e r e n c e  between th e  s t r u c t u r e s
o f  s e c o n d a r y  a l c o h o l s  ( an d  t h e i r  c o r r e s p o n d i n g  a c i d  e s t e r s )
w h ich  und e rg o  o p t i c a l  r e s o l u t i o n ,  and o f  t e r t i a r y  a l c o h o l s ,
w hich  do n o t :  the  fo r m e r  c o n t a i n  a hydrogen  atom a t t a c h e d  to
the  c a r b o n  atom w h ich  g i v e s  r i s e  to  the  -m o le c u la r  d i s s y m e t r y ,
and the  l a t t e r  do n o t .  T h is  d i f f e r e n c e  h a s  been p o i n t e d  o u t
by Lowry ( 1 3 ) ,  who s u g g e s t e d  t h a t  the  h y d rog en  o f  th e  =CIiOH
r a d i c a l  may p l a y  an e s s e n t i a l  p a r t  i n  t h e  r e s o l u t i o n ,  p e rh a p s
by c h e c k in g  ’’f r e e  r o t a t i o n ” ? R^N H-.*0
C {{
r2 /  o - c - r3
However, the  f o r m a t i o n  of  a h yd ro g en  bond to  C-H i s  nowadays
r e g a r d e d  as  o c c u r i n g  i n  v e r y  few ,  i f  an y ,  c a s e s .  On the  o t h e r
h a n d ,  some l i t t l e  s u p p o r t  f o r  the  i d e a  may be d e r i v e d  from a
c o n s i d e r a t i o n  o f  th e  b e h a v i o u r  o f  d l - ^ - t e r p i n e o l  ( I ) : in  t h i s
OH
/CH2 ~CH2x { raoem ic  t e r t i a r y  a l c o h o l  t h e
c h 5 ~cx CH-C-CH3 ( I )  ,
v CH-CHg I m o l e c u l a r  d i s s y m e t r y  i s  due to
0H3
. an a sym m etr ic  c a rb o n  atom o t h e r
th an  t h a t  to  w h ich  the  h y d r o x y l  g ro u p  i s  a t t a c h e d .  The hy d ro gen  
p h t h a l i c  e s t e r  o f  t h i s  t e r t i a r y  a l c o h o l  y i e l d s  s a l t s  w i t h
b r u c i n e ,  s t r y c h n i n e ,  o i n o h o n i d i n e  and m o r p h in e ,  e a c h  o f  w h ic h ,
by f r a c t i o n a l  c r y s t a l l i z a t i o n  h a s  r e a d i l y  y i e l d e d  e i t h e r  the. 
d -  o r  the  l - t f - t e r p i n y l  hy drogen  p h t h a l a t e  in  an o p t i c a l l y  pure
c o n d i t i o n  ( 1 4 ) ,  . bn--
' I
5
A second  p o s s i b l e  e x p l a n a t i o n  f o r  the d i f f i c u l t i e s  
e n c o u n t e r e d  in  a t t e m p t s  to  r e s o l v e  t e r t i a r y  a l c o h o l s  t h r o u g h  
t h e i r  h y d r o g e n * p h t h a l i c  e s t e r s  h a s  been p u t  f o r w a r d  by  H e w i t t  
and Hughes (29)  , I t  i s  b a s e d  on the  a s s u m p t io n  t h a t  th e  
a l k y l  g ro u p  R i s  t r a n s f e r r e d  from the . oxygen atom in  one 
c a r b o x y l  g r o u p  t o  th e  o t h e r  oxygen atom:
0 0 .
- C - 0 ,  / X - G - O H R
&A 7 ----- |  I  _f/>- c - oUr f  I - c - o
ii \ /  ii
0 ■ 0
U n f o r t u n a t e l y  t h i s  h y p o t h e s i s  does  n o t  e x p l a i n  why the  a l k y l
g ro u p  o f  s e c o n d a r y  a l c o h o l s  p a r t i c u l a r l y  t h o s e  in  w h ic h  the  ,
s u b s t i t u e n t s  a re  s t r o n g l y  e l e c t r o n - r e l e a s i n g  ( e . g .  p -m e tho x y -
b e n z h y d r o l )  s h o u ld  n o t  behave  in  t h i s  way as  w e l l .
There i s  a n o t h e r  compound which  c o n t a i n s  a h y d r o x y l
g roup  a t t a c h e d  to  a t e r t i a r y  carbo.n a tom, and w h ic h  h a s  been
HO CH2 Ph r e s o l v e d .  I t  i s  9 - b e n z y l -
-COOH o x a n t h r o n e - 2 - c a r b o x y l i c  a c i d  ( I I ) ;
( I I )  in  t h i s  c a s e ,  ho w ev er ,  the
if
0 r e s o l u t i o n  was n o t  c a r r i e d  out v i a
the  -OH g r o u p .  I n s t e a d ,  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  the  
b r u o in e  s a l t  o f  t h e  a c i d  i t s e l f  was found  t o . g i v e  th e  o p t i c a l  
i s o m e r s  ( 1 5 ) .
An a rg um en t  a g a i n s t  Lowry’ s t h e o r y  may be found  i n  the  
f a c t  t h a t  when the  h y d r o x y l  g ro u p  o f  t e r t i a r y  a l c o h o l s  I s , . - -
r e p l a c e d  by -COOH, a compound i s  o b t a i n e d  w h ic h  i s  r e a d i l y  
r e s o l v a b l e ,  C on an t  and C a r l s o n  (16)  s u c c e e d e d  in  r e s o l v i n g  an 
a c i d  o f  the  ty p e  R^RgRgC .COOH t h r o u g h  th e  f r a c t i o n a l  
c r y s t a l l i z a t i o n  o f  one o f  i t s  a l k a l o i d a l  s a l t s .
There i s  a t h i r d  type  o f  compounds w h ich  c o n t a i n s  a 
f u n c t i o n a l  g ro u p  a t t a c h e d  t o  an a sy m m etr ic  t e r t i a r y  c a rb o n  
a tom ,  v i z ,  t r i s u b s t i t u t e d  m e th y la m in e s  o f  t h e  s t r u c t u r e  
R1R2R3C.NHg, By s i m i l a r i t y  w i t h  t r i s u b s t i t u t e d  a c e t i c  a c i d s  
t h e y  s h o u ld  be r e s o l v a b l e ,  and i f  t h i s  were t h e  c a s e ,  the 
d e a m in a t io n  o f  such  an o p t i c a l l y  a c t i v e  amine m ig h t  c o n c e i v a b l y  
g iv e  r i s e  to  the  f o r m a t i o n  o f ‘ an o p t i o a l l y  a c t i v e  t e r t i a r y  
a l c o h o l .
A th o r o u g h  s e a r c h  in  t h e  l i t e r a t u r e  showed t h a t  no 
r e s o l u t i o n  o f  a compound o f  th e  ty p e  R-^RgR^C .HHg had  e v e r  been 
t r i e d ,  a l t h o u g h  amines  o f  the  s t r u c t u r e  R1R2CHNH2 have  been 
s u c c e s s f u l l y ,  r e s o l v e d ,  e . g .  n-C g H ^  .CHNHg *CH3 ( 1 7 ) .
I t  was a c c o r d i n g l y  d e c i d e d  to  a t t e m p t  th e  p r e p a r a t i o n  
and o p t i c a l  r e s o l u t i o n  o}f  t r i s u b s t i t u t e d  m e th y la m in e s  w i t h  
the  o b j e c t  o f  d e a m i n a t i n g  the  a c t i v e  a m in e .  U n f o r t u n a t e l y ,  
t h e  d i f f i c u l t i e s  e n c o u n t e r e d  were such  t h a t  th e  i n v e s t i g a t i o n  
became m a in ly  a s e a r c h  f o r  m ethods  o f  s y n t h e s i s i n g  the  
r e q u i r e d  a m in e s ,  and i t  was n o t  p o s s i b l e  to  c a r r y  o u t  a 
t h o r o u g h  s t u d y  o f  the  d e a m i n a t i o n  r e a c t i o n .
I I .  THE PREPARATION OF AMINES OF THE STRUCTURE RiR^R^C #NH2 .
Whereas numerous p r im a r y  am ines  o f  the  ty p e  H^RgGH.NHg 
have been p r e p a r e d  and ex am in e d ,  a s e a r c h  in  the  c h e m ic a l  
l i t e r a t u r e  showed t h a t  n o t  more t h a n  one o r  two r e p r e s e n t a t i v e s  
o f  t h e  type  R]_R2R3G had  a c t u a l l y  been p r e p a r e d ,  and th e n
o n l y  in  u n s a t i s f a c t o r y  y i e l d s .
There  i s  an a p p r e c i a b l e  number o f  me.thods w h ich  m ig h t  be 
e x p e c t e d  t o  l e a d  to  t h e  s y n t h e s i s  o f  such  t r i s u b s t i t u t e d  m e t h y l ­
amines  b u t ,  as  w i l l  be shown, v e r y  few o f  them can be made t o  
g iv e  good y i e l d s  o f  th e  pure  p r o d u c t . Many of th e  s t a n d a r d  
methods o f  p r e p a r a t i o n  of p r im a r y  amines  c a n n o t  be a p p l i e d  as 
t h e y  a u t o m a t i c a l l y * l e a d  to  amines c o n t a i n i n g  a h y d ro g e n  atom 
a t t a c h e d  to  th e  a lp h a  c a rb o n  atom. Thus th e  r e d u c t i o n  o f  
oximes can o n l y  y i e l d  d i s u b s t i t u t e d  m e th y lam in e s?
(R1R2 )G=N,0H-----> ( r 1r 2 ) c h . n h 2
In th e  s u r v e y  o f  p r e p a r a t i v e  m ethods  g iv e n  b e lo w ,  
p a r t i c u l a r  e m p h a s i s  w i l l  be l a i d  on t h e i r  a p p l i c a t i o n s  t o  the  
work d e s c r i b e d  in. t h i s  d i s s e r t a t i o n .
P o s s i b l e  Methods o f  P r e p a r a t i o n
A, D i r e c t  A m in a t io n ,
B, Prom G r i g n a r d  C om plexes ,
C, H y d r o l y t i c  Methods*
D, R e d u c t io n  M e th o ds .
E, R e a r ra n g e m e n t  R e a c t i o n s .
. '.A. D i r e c t  A n i m a t i o n ,
, a )  The r e p l a c e m e n t  o f  h y d r o x y l  g ro u p s  .by amino o r  a l k y l -  
amino g r o u p s . h a s  a t t r a c t e d  g r e a t  t e c h n i c a l  i n t e r e s t  s i n c e  th e  
d i s c o v e r y  by S a b a t i e r  o f  a s u i t a b l e  o a t a l y s t  f o r  t h e  r e a c t i o n .  
The low er  a l c o h o l s  a re  c o n v e r t e d  to  amines  by r e a c t i o n  w i t h4
ammonia o r  w i t h  p r i m a r y  o r  s e c o n d a r y  amines  in the  v a p o u r  phase 
o v e r  d e h y d r a t i n g  c a t a l y s t s  such  as  ThGg, AlgO^/A'gOg e t c .
In r e c e n t  t i m e s ,  t h i s  method h a s  been r e f i n e d  t h r o u g h  the  
use o f  improved c a t a l y s t s  and c o n d i t i o n s  ( 5 6 ) .  Even th e  
p r e p a r a t i o n  o f  the  h i g h e r  p r i m a r y ,  s e c o n d a r y  and t e r t i a r y  
amines  h a s  s u c c e e d e d .  Thus th e  h i g h e r  f a t t y  a l c o h o l s  y i e l d  
th e  c o r r e s p o n d i n g  amines  when h e a t e d  in a s e a l e d  tube  a t  300-  
4 00 °C , u n d e r  50 a tm o s p h e r e s  p r e s s u r e  w i t h  a lum in ium  o x id e  as  
c a t a l y s t .  However,  even u n d e r  the  b e s t  e x p e r i m e n t a l  c o n d i t i o n s ,  
a m ix t u r e  o f  v a r i o u s  am ines  i s  i n v a r i a b l y  o b t a i n e d .  E t h y l  
a l c o h o l ,  f o r  e x am p le ,  g i v e s  a m ix t u r e  o f  mono-,  d i -  and 
t r i e  t h y l a m i n e s  when i t  i s  h e a t e d  w i t h  ammonium h a l i d e s  a t  
3 5 0 - 3 6 0 ° 0 , ( I S ) ,  S ince  th e  r e a c t i o n  o b v i o u s l y  c o u l d  n o t  be 
c a r r i e d  o u t  e a s i l y  e x c e p t  in  i n d u s t r i a l  l a b o r a t o r i e s ,  i t  was , 
n o t  i n v e s t i g a t e d  any f u r t h e r .
b) I f  th e  a l c o h o l  i s  f i r s t  c o n v e r t e d  i n t o  one o f  the  
c o r r e s p o n d i n g  h a l i d e s ,  the  amine f o r m a t i o n  t a k e s  p l a c e  more 
r e a d i l y .
The r e a c t i o n  R.X + NH^ > R.NHg.HX i s  o f  g e n e r a l
a p p l i c a t i o n  in  the  a l i p h a t i c  s e r i e s ,  b u t  many o t h e r  r e a c t i o n s .
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o c c u r  s u b s e q u e n t l y  to  t h i s  p r im a r y  r e a c t i o n .  E x ce ss  ammonia 
l i b e r a t e s  p r im a r y  amines from the a d d i t i o n  p r o d u c t ,  w h ic h  . 
r e a c t s  anew w i t h  the  a l k y l  h a l i d e  to  form a s e c o n d a r y  am in e .
In the  same m anner ,  a t e r t i a r y  amine i s  formed from th e  
s e c o n d a r y ,  and from th e  t e r t i a r y ,  f i n a l l y ,  a c e r t a i n  amount o f  
q u a t e r n a r y  ammonium h a l i d e .  The com ponents  o f  th e  r e a c t i o n  
m i x t u r e ,  which  form u n d e r  a l l  c o n d i t i o n s ,  a re  more e a s i l y  
s e p a r a t e d  and o b t a i n e d  pure  th e  l a r g e r  t h e  r a d i c a l  R i s ,  
b eca u se  th e  d i f f e r e n c e  in  th e  b o i l i n g - p o i n t s  o f  th e  f r e e  b a s e s  
i s  th e n  g r e a t e r .
E i t h e r  th e  a l k y l  c h l o r i d e ,  b romide  o r  i o d i d e  can be u s e d ,  
a l t h o u g h  th e  i o d id e  u s u a l l y  r e a c t s  t h e  most r a p i d l y ;  a , 
t e r t i a r y  a l k y l  i o d i d e ,  h o w e v e r ,  such  as  Me^C.X, g i v e s  no amine 
b u t  m e r e ly  l o s e s  hydrogen  i o d i d e  to  form the  d e f i n e ,  e . g .  
Me2C=CH2 .
The e a s e  w i t h  w h ich  th e  r e a c t i o n  t a k e s  p l a c e  d ep en d s  on 
the  n a t u r e  o f  th e  g ro u p s  p r e s e n t  i n  the  h a l i d e  m o l e c u l e . Thus ,  
w h e re a s  t r i p h e n y l  c h lo ro m e th a n e  y i e l d s  t r i p h e n y l m e t h y l a m i n e
on m e r e ly  p a s s i n g  ammonia g a s  t h r o u g h  i t s  s o l u t i o n  i n  b e n z e n e ,
/
m e t h y l d i p h e n y l  c h lo r o m e th a n e  must  be a l lo w e d  to  s t a n d  in  the  
p r e s e n c e  o f  l i q u i d  ammonia i n  a c l o s e d  v e s s e l  f o r  o v e r  a week 
b e f o r e  g i v i n g  r i s e  to  the  amine (19 )  #
In the  p r e s e n t  e x p e r i m e n t s  I t  h a s  been  fou n d  t h a t  n e i t h e r  
$ ~ m e t h y l - ^ - e t h y  1 - n - a m y l  c h l o r i d e  n o r  < x - m e t h y l - ^ - p h e n y l -n - a m y l  
c h l o r i d e  r e a c t s  w i t h  c o n c e n t r a t e d  aqu eo us  ammonia o r  gaseous ' ;
lo
ammonia, w h e r e a s  the  c o n v e r s i o n  of  p h e n y l - p - t o l y l - t f - n a p h t h y l  
c h lo ro m e th a n e  i n t o  th e  c o r r e s p o n d i n g  amine p r o c e e d s  q u i t e  
r e a d i l y ,  *
The r e s u l t s  o f  Lebeau (20)  and C h a b la y  (21)  on the  
r e a c t i o n  o f  sodamide w i t h  a l k y l  h a l i d e s  i n d i c a t e  t h a t  
s a t u r a t e d  and u n s a t u r a t e d  h y d r o c a r b o n s  a r e  formed p r i n c i p a l l y ,  
and ,o n l y  s m a l l  amounts  o f  a m in e s ,  .Shreve and R o t h e n b e r g e r  ( 2 2 ) ,  
on th e  o t h e r  h a n d ,  u s i n g  a d i f f e r e n t  method o f  p r e p a r i n g  t h e i r
so d am id e ,  have found  t h a t  h exy lam ine  may be o b t a i n e d  in
y i e l d  from h e x y l  b r o m id e .  The p r e p a r a t i o n  o f  the  sodamide 
f o l lo w e d  th e  p r o c e d u r e  o f  Vaughn,  Vogt and N ieuw land  (2 3 )  in  
w h ich  sodium i s  t r e a t e d  w i t h  l i q u i d  ammonia i n  th e  p r e s e n c e  o f
i r o n  n i t r a t e  a s  c a t a l y s t .
When th e  two s u b s t i t u t e d  amyl c h l o r i d e s  m e n t io n e d  above 
were,  h e a t e d  in  the  p r e s e n c e  o f  sodam id e ,  the  q u a l i t y  o f  w h ich  
had a p p e a re d  s a t i s f a c t o r y  in  o t h e r  e x p e r i m e n t s  e . g .  t h e .  
c l e a v a g e  o f  a c e t o p h e n o n e s , no f o r m a t i o n  of  amine r e s u l t e d .
®* From G r i g n a r d  C o m p le x e se
a)  W ith  c h l o r a m i n e :
G r i g n a r d  com plexes  in  s o l u t i o n  can r e a c t  w i t h  c h lo r a m in e
in  two w ays :  ( i )  RMg X + NH^Cl ----- > RNHg + MgXCl
( i i )  RMgX + NHgCl — > RC.l + MgXNHg 
I f  R r e p r e s e n t s  one o f  th e  lo w e r  a l k y l  g r o u p s ,  i t  i s
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m a in ly  r e a c t i o n  ( 1 1 ) w h ic h  t a k e s  p l a c e ,  - and one o n l y  o b t a i n s  
th e  h a l i d e ,  b u t  when R i s  a h e a v i e r  g r o u p ,  t h e r e  i s  i n c r e a s e d  
t e n d e n c y  f o r  r e a c t i o n  ( i )  to  o c c u r  ( 2 4 ) ,
b) W ith  O - a lk y I h y d r o x y l a m i n e r
A n o th e r  use  o f  t h e  G r i g n a r d  r e a g e n t s  in  the  p r e p a r a t i o n  
o f  p r im a r y  amines  l i e s  in th e  i n t e r a c t i o n  w i t h  O - a l k y I h y d r o x y l -  
am ines  to  g iv e  good y i e l d s  o f  p r im a r y  am ines  a c c o r d i n g  to  the  
e q u a t io n ?  RONHg + R’MgX ^R»NH2 -  ROMgX.
The y i e l d s  depend on the  n a t u r e  o f  X, d e c r e a s i n g  s t r o n g l y  
from c h l o r i n e  to  i o d in e  ( 2 5 ) ,
V
In view o f  t h e  p r a c t i c a l  i m p o s s i b i l i t y  o f  p r e p a r i n g  
G r i g n a r d  r e a g e n t s  from t e r t i a r y  a l k y l  h a l i d e s ,  n e i t h e r  o f  the  
above m ethods  c o u ld  be t r i e d .
H y d r o l y t i c  M e th o d s ,
a) The a l k a l i n e  h y d r o l y s i s  o f  i s o c y a n a t e s ,  p r e p a r e d  by 
th e  a c t i o n  o f  p o t a s s i u m  c y a n a t e  on a l k y l  s u l p h a t e s  ( W u r t z ’ s 
method) i s  m e r e ly  o f  h i s t o r i c a l  i n t e r e s t  and no l o n g e r  used  
f o r  p r a c t i c a l  p u r p o s e s .  ,
I s o t h i o c y a n a t e s  can be h y d r o l y s e d  w i t h  a c i d s  t o  y i e l d  
p r im a ry  amines  ( 2 6 ) ;  w i t h  h y d r o c h l o r i c  a c i d  a t  1 0 0 °G. the  
f o l l o w i n g  r e a c t i o n  t a k e s  p la c e ?
R ~N = C = S  + 2 H g O  ^ RNHg + -Q 0 2 + HgS
w h e re a s  i f  th e  r e a c t i o n  i s  c a r r i e d  o u t  in  t h e  c o l d  w i t h  
c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  the  h y d r o l y s i s  s t o p s  a t  an 
i n t e r m e d i a t e  s t a g e  w i t h  f o r m a t i o n  o f  COS. ' ~
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b) I s o n i t r i l e s  too  g iv e  p u r e . p r im a r y  amines  when h e a t e d  
w i t h  h y d r o c h l o r i c  a c i d ,  fo rm ic  a c i d  b e in g  s p l i t  o f f ? '
R.NC + 2H20  >R.NH2 + H*COOH.
c)  S u b s t a n c e s  in  w h ic h  the  n i t r o g e n  atom i s  d i r e o t l y  
l i n k e d  to  b o t h  an a l k y l  and an a c y l  g roup  ( e i t h e r  formed 
t h r o u g h  a l k y l a t i o n  o f  amides  o r  t h r o u g h  a c y l a t i o n  o f  am ines )  
may y i e l d  amines  on h y d r o l y s i s :
CH3C00H + HqN.C3H7 .
'^CHjCONH.CgHY ——^  CH3COOH + G3H7 .NHo 
CHgCONHg + H O .C5H7 f
d) A lk y l  p h t h a l i m i d e s  can be h y d r o l y s e d  by a c i d s  i n t o  
p h t h a l i c  a n h y d r id e  o r  p h t h a l i c  a c i d ,  and p r i m a r y  am ines  ( 2 7 ) .  
They may be p r e p a r e d  by one o f  t h r e e  methods?
( i )  By th e  a c t i o n  o f  p h t h a l i c  a n h y d r id e  on am ines  ( 2 8 ) ;  s i n c e  
one a c t u a l l y  s t a r t s  w i t h  th e  b ase  o b t a i n e d  in th e  f i n a l  
h y d r o l y s i s  th e  main a d v a n ta g e  o f  t h i s  method i s  t h a t  i t  e n a b l e s  
one to  p r e p a r e  a l k y l  p h t h a l i m i d e s  in  w h ich  th e  a l k y l  r a d i c a l  
c o n t a i n s  g ro u p s  w h ich  r e a c t  r e a d i l y ,  e . g ,  h a l o g e n ,  n i t r i l e  
e t c . ;  t h e s e  g ro u p s  can  be s u b m i t t e d  to any  d e s i r e d  
t r a n s f o r m a t i o n  w h i l e  t h e  a m in o -g ro u p  r e m a in s  p r o t e c t e d  ( 2 9 ) .
( i i )  In a few c a s e s ,  by the  a c t i o n  o f  p h t h a l i c  a n h y d r id e  on 
i s o t h i o c y a n a t e s .  Thus a l l y l a m i n e  can  be o b t a i n e d  i n  v e r y  good 
y i e l d  from a l l y l  i s o t h i o c y a n a t e ? (30)
GO * GO
\  / V  x
^  C 0 ' °  + SCN*C s H 5  *  V A C / - C3 H5 COS
. 00 i .
COOH
+ C3H5.NH2
COOH
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• ( i l l )  By t h e  a c t i o n  o f  p o t a s s i u m  p h t h a l i m i d e  on s u b s t a n c e s  
c o n t a i n i n g  a m o b i l e  h a l o g e n  a tom  ( G - a b r i e l fs Method) (31) ;
(C6H4 ) (C0)2NK: + R . H a l   ^ (C6H4 ) ( C 0 ) 2NR + K ,Hal
The r e a c t i o n  i s  s i m i l a r  t o  t h e  a l k y l a t i o n  o f  ammonia by> 
h a l o g e n a t e d  s u b s t a n c e s ,  b u t  h a s  t h e  a d v a n t a g e  o f  g i v i n g  o n l y  
p r i m a r y  a m in e s ,  I t  i s  n o t  a lw ays  n e c e s s a r y  t o  i s o l a t e  t h e  
p o t a s s i u m  p h t h a l i m i d e ;  one can  o c c a s i o n a l l y  o b t a i n  t h e  a l k y l  
p h t h a l i m i d e  by  h e a t i n g  t h e  h a lo g e n o -co m po u nd  and p h t h a l i m i d e  
i n  t h e  p r e s e n c e  o f  sodium c a r b o n a t e  ( 3 2 ) ,  As t h e  r e a c t i o n  
a p p e a r e d  q u i t e  p r o m i s i n g ,  and  t h e  r e a g e n t s  c o u l d  b e  p r e p a r e d  
e a s i l y ,  i t  was a t t e m p t e d  t o  r e a c t  p o t a s s i u m  p h t h a l i m i d e  w i t h  
e i t h e r  o<-methyl-^Ae t h y l - n ~ a m y l  c h l o r i d e  o r  ^ - m e t h y l - ^ - p h e n y l - n -  
amyl c h l o r i d e ,  b u t  no r e a c t i o n  was o b s e r v e d ,
e) H y d r o l y s i s  o f  t e r t i a r y  s a l t s  o f  h e x a m e th y le n e  
t e t r a m i n e  ( D e le p in e * s  M ethod) ;  h e x a m e th y le n e  t e t r a m i n e ,  a 
t e r t i a r y  b a s e ,  g i v e s  a d d i t i o n  p r o d u c t s  w i t h  some d e r i v a t i v e s  
f ro m  a l c o h o l s ,  s u c h  as  a l k y l  i o d i d e s  and  s u l p h a t e s .  These  
com plexes  a r e  c o n v e r t e d  i n t o  p r im a r y  am ines  by  h y d r o l y s i s  ™it. 
h y d r o c h l o r i c  a c i d *
°6H12N4RI + 5HC1 + 6H2°  *— * 6HCH0 + 3NH4 C1 + . RNHg.HI
I f  t h e  r e a c t i o n  i s  c a r r i e d  out i n  a l c o h o l i c  s o l u t i o n ,  t h e  
f o r m a ld e h y d e  i s  e l i m i n a t e d  t h r o u g h  t h e  f o r m a t i o n  o f  m e t h y l a l  
and t h u s  p r e v e n t e d  f ro m  s t a r t i n g  s e c o n d a r y  r e a c t i o n s  (3 3 , 3 4 ) ,
1A.
D ,  Re duc t 1on Meth o d s , ;
Amines a r e  t h e  u l t i m a t e  p r o d u c t  o f  t h e  r e d u c t i o n  o f  a l l  
k i n d s  o f  n i t r o g e n o u s  compounds,
a )  R e d u c t io n  o f  n i t r o ~ c o m p o u n d s • i n  t h e  a l i p h a t i c  s e r i e s ,  
t h e  n i t ro-^compounds a r e  p r e p a r e d  o n l y  w i t h  d i f f i c u l t y  and  a r e  
n o t  r e a d i l y  r e d u c e d ;  t h e  method in  t h i s  c a s e  h a s  t h e r e f o r e  o n l y  
t h e o r e t i c a l  i n t e r e s t ,  as  opposed  to  i t s  a p p l i c a t i o n  t o  a r o m a t i c
•  v;
s u b s t a n c e s ,  when i t  i s  w i d e l y  u s e d ,
b)  R e d u c t io n  o f  amides  a n d  t h io a m id e s *  t h i s  method h a s  • 
o n l y  l i m i t e d  a p p l i c a b i l i t y  in  view o f  t h e  t e n d e n c y  o f  t h e  amide 
g ro u p  t o  r e a c t  in  a d i f f e r e n t  d i r e c t i o n ,  h y d r o l y s i n g  a t  t h e  
same t im e '  a s  becom ing  r e d u c e d ,  c o n s e q u e n t l y  g i v i n g  a ld e h y d e s  
and even  a l c o h o l s  i n s t e a d  o f  amines*
+ R.CHO — * NH~ + R.CHgOH ( i )
R.C0NH2 C
• ^R.CHgNHg ( i i )
When a c e ta m id e  i s  t  r e a t e d  w i t h  sod ium  a n d  a l c o h o l ,  an  80% 
y i e l d  of  e th y l a m i n e  i s  o b t a i n e d ,  b u t  on u s i n g  h i g h e r  
homologues  r e a c t i o n  ( i )  t e n d s  t o '  ov e rsh ad ow  t h e  o t h e r  
mechanism, and  above cap ro am id e  one o b t a i n s  o n l y  t h e  a l c o h o l ,
c) H y d r o g e n a t i o n - o f  c y an 0 - compounds; n i t r i l e s  c a n  b e  
h y d r o g e n a t e d  e i t h e r  by  the  u se  o f  n a s c e n t  h y d ro g e n  o r  
c a t a l y t i c a l l y , Acid  and  a l k a l i n e  r e d u c i n g  a g e n t s  t e n d  t o  g i v e  
o n l y  t h e  p r i m a r y  amine • R,CN + 4 H — -£■ R,CHpNHg
On t h e  o t h e r  hand., r e d u c i n g  a g e n t s  w h ic h  a r e  p r a c t i c a l l y  
n e u t r a l ,  s u c h  a s  D e v a rd a* s  a l l o y ,  i n  a d d i t i o n  t o  p r o d u c i n g
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p r i m a r y  am ines ,  a l s o  y i e l d  s e c o n d a r y  a m in e s .  The t e n d e n c y  o f  
t h e  *-CN g ro u p  t o  b r e a k  d o w n ' and  g i v e ^ r i s e  t o  ammonia I s  a 
f u r t h e r  d i f f i c u l t y  o f t e n  e n c o u n t e r e d .  I s o n i t r i l e s  t e n d  t o  g i v e  
t h e  same p r o d u c t s  a s  t h e  n i t r i l e s  t h e m s e l v e s ,
‘ I s o c y a n a t e s  c a n n o t  be h y d r o g e n a t e d  c a t a l y t i c a l l y  b e c a u s e  
o f  t h e  e a s e  w i t h  w h ich  t h e y  u ndergo  h y d r o l y s i s ,
d) H y d r o g e n a t i o n  o f  a l d e h y d i c  s u b s t a n c e s ;  ■-
( i )  I m in e s ;  s i n c e  t h e s e  a r e  fo rm ed  as  i n t e r m e d i a t e s  i n .  
t h e  r e d u c t i o n  o f  n i t r i l e s ,  t h e  p r o d u c t s  f rom  t h e i r  h y d r o g e n a t i o n  
a r e  t h e  same as  t h o s e  o b t a i n e d  w i t h  n i t r i l e s .
■ ( i i )  Oximes; t h e  h y d r o g e n a t i o n  o f  oximes i n  a c i d  
s o l u t i o n  y i e l d s  o n ly  p r i m a r y  a m in e s ,  w h e rea s  i n  n e u t r a l  
s o l u t i o n  one a l s o  o b t a i n s  s e c o n d a r y  and t e r t i a r y  b a s e s  i n  
v a r y i n g  a m o u n ts .  T h ese  r e s u l t s  a r e  p a r a l l e l  t o  t h o s e  o b t a i n e d  
when s t a r t i n g  w i t h  n i t r i l e s ;  t h e  r e a c t i o n  d ep en d s  on t h e  same 
mechanism and  goes  t h r o u g h  t h e  same i n t e r m e d i a t e  s t a g e ,  v i z ,  
t h e  i m i n e ,
( i i i )  H y drazones  and a z i n e s *  t h e i r  h y d r o g e n a t i o n  can  
g i v e  r i s e  t o  e i t h e r  s u b s t i t u t e d  h y d r a z i n e s  o r  t o  a m in e s ;
R.CH=N.NH.Ph - — >-R0H2.NH.HH,Ph— > RCHgHHg + PhHHg
I n  a l k a l i n e  s o l u t i o n s ,  t h e  r e a c t i o n s  s t o p s  a t  t h e  f i r s t  
s t a g e ,  w h i l s t  i n  a c i d  medium p r im a r y  a m in e s  a r e  f o r m e d .  ( 3 5 ) .
As can  be  s e e n  f ro m  t h e  exam ples  g i v e n  a b o v e ,  t h e  p r i m a r y  
amines  o b t a i n e d  t h r o u g h  r e d u c t i o n  methods n e a r l y  a lw ay s  
c o n t a i n  t h e  a m in o -g ro u p  a t t a c h e d  t o  a p r i m a r y  o r  s e c o n d a r y
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c a r b o n  atom and c o n s e q u e n t l y  t h e s e  m ethods were  u n s u i t a b l e  f o r  
p r e p a r i n g  t r i s u b s t i t u t e d  m e t h y l a m in e s .
E ,  Re a r  r a n g eme n t  He a c t  i  o n s ,
T h e re  a r e  t h r e e  r e a r r a n g e m e n t  r e a c t i o n s  w h i c h ' c a n  b e  u se d  
f o r  t h e  p r e p a r a t i o n  o f  t r i s u b s t i t u t e d  m e th y la m in e s .  Known as 
t h e  C u r t i u s ,  Hofmann a n d  Schmidt  r e a c t i o n s ,  t h e y  a r e  c a r r i e d  
o u t  on a c i d  a z i d e s ,  a c i d  am ides  and  on c a r b o x y l i c  a c i d s  
t h e m s e l v e s ,  r e s p e c t i v e l y .
The f i r s t  two have  now been  s u c c e s s f u l l y  a p p l i e d  i n  t h e  
degradation n f  ^ - m e th y l - o ( ~ p h e n y l~ n - c a p r o i c  a c i d ,  b u t  t h e  Schmidt  
r e a c t i o n  u n e x p e c t e d l y  l e d  m a in ly  t o  t h e  f o r m a t i o n  of a n i l i n e .  
I n  v iew o f  t h e  m a j o r  im p o r t a n c e  o f  t h e s e  r e a r r a n g e m e n t  
r e a c t i o n s  f o r  t h e  p r e s e n t  work ,  s e p a r a t e  s e c t i o n s  w i l l  be  
d e v o te d  t o  e a c h  one o f  them  ( s e c t ,  nBM 1 t o  4 i n c l , ) .
However,  s i n c e  t h e s e  r e a c t i o n s  r e q u i r e  a c i d s  o r  a c i d  
d e r i v a t i v e s  a s  s t a r t i n g  m a t e r i a l s ,  v a r i o u s  m ethods  f o r  t h e  
p r e p a r a t i o n  o f  s u c h  compounds had  t o  b e  i n v e s t i g a t e d  ( s e c t .
"a"  1 t o  4 i n c l , ) ,
a )  The P r e p a r a t i on o f  T r i s u b s t i t u t e d A c e t i c  A c id s ,
Of t h e  v a r i o u s  methods a v a i l a b l e  f o r  t h e  p r e p a r a t i o n  cf 
c a r b o x y l i c  a c i d s ,  o n l y  f o u r  were  c o n s i d e r e d  w o r t h  b e i n g  
exam ined  i n  d e t a i l  f o r  t h e  p r e p a r a t i o n  o f  t r i s u b s t i t u t e d  - 
a c e t i c  a c i d s .
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The s t a r t i n g  s u b s t a n c e s  f o r  t h e s e  were, •
1 ,  T e r t i a r y  a l c o h o l s
2 ,  T r i s u b s t i t u t e d  a c e to p h e n o n e s
3 ,  N i t r i l e s  
4* E s t e r s ,
, 1 ,  F r om t e r t i a r y  a l c oho l s ,
( i )  C e r t a i n  G r i g n a r d  r e a g e n t s  d e r i v e d  f ro m  a l k y l  h a l i d e s  a r e  
known to  r e a c t  w i t h  c a rb o n  d i o x i d e  t o  f o r m  a p r o d u c t  w h ich  on 
h y d r o l y s i s , y i e l d s  a c a r b o x y l i c  a c i d  •
RMgX + C0g > RCOOMgX -----^ RCOOH,
T h is  method  i s  s u c c e s s f u l  f o r  t h e  p r e p a r a t i o n  o f  t r i m e t h y l  
a c e t i c  a c i d  ( 3 6 ) ,  b u t  w i t h  s l i g h t l y  h i g h e r  hom ologues  t h e  
y i e l d s  v e r y  r a p i d l y  d e c r e a s e ,  m a i n l y  b e c a u s e  of t h e  d i f f i c u l t y  
i n  f o r m in g  t h e  G r i g n a r d  r e a g e n t  ( 3 7 ) ,
I n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  v a r i o u s  a t t e m p t s  were made 
t o  i n d u c e  r e a c t i o n  bet-ween e i t h e r  c U m e t h y l - ^ - e t h y l - n - a m y l  
c h l o r i d e  o r  ${-methyl-D(-phenyl~n~amyl c h l o r i d e  and magnesium, 
b u t  a l l  f a i l e d ,
( i i )  A r a t h e r  more s u i t a b l e  p r o c e d u r e  t o  c o n v e r t  a t e r t i a r y
iS
a l c o h o l  i n t o  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d  c o n s i s t s  i n  
p r e p a r i n g  f i r s t  i t s  p o t a s s i o - d e r i v a t i v e  b y  t h e  a c t i o n  o f  
a s o d i u m - p o t a s s i u m  a l l o y  in  a n  a tm o s p h e r e  o f  n i t r o g e n ,  and 
t h e n  t r e a t  i t  w i t h  c a r b o n  d i o x i d e  t o  g iv e  t h e  a l k a l i  s a l t  o f  
t h e  a c i d  (38) j r '
18
R,OMe R.K + MeOK G02j. R.COOK
This  method h a s  now b e e n  t r i e d  on  m e th y l - ( o ( - m e th y l  
 ^ p h e n y l - n - a m y l ) e t h e r .  I t  was f o u n d  t h a t  t h e  l i q u i d  sod ium -  
p o t a s s i u m  a l l o y  was d i f f i c u l t  t o  h a n d l e  a n d  t h a t  t h e  f i n a l
y i e l d  o f  t h e  a c i d  was to o  s m a l l  to  make t h e  p r o c e d u r e  w o r t h  
a p p l y i n g ,
/ s ^  l ^ a n ^ t r i ^ u b s  t  i t u t e d ^ a c e t  o p h e n o n e s ,
T h i s  method i s  b a s e d  on t h e  p r e p a r a t i o n  cf t r i s u b s t i t u t e d  
a c e t a m i d e s  by  t h e  c l e a v a g e  of  a r y l - t - a l k y l  k e t o n e s  t h r o u g h  t h e  
a c t i o n  of  so d am id e ,
H a l l e r  and  B a u e r . (39 ,  4 0 ,  41) have  shown t h a t  i n  some 
c a s e s  i t  i s  p o s s i b l e  t o  decompose t r i s u b s t i t u t e d  a c e to p h e n o n e s  
by  h e a t i n g  th em  w i t h  f i n e l y  powdered sodam ide  i n  a d r y  i n e r t  
s o l v e n t .  The f o l l o w i n g  r e a c t i o n  i s  s u p p o s e d ’t o  t a k e  p l a c e  .
R1R2R3 G*G0«G6H5 + NaNH2 — >  RiRgR^O, G0,HHNa + CgHg 
a n d ,  f o l l o w i n g  a d d i t i o n  o f  w a t e r  •
Rl R2R3 G«G0«MNa + h2°  —  ^ R1R2R3 G*G0¥H2 + NaOH,
T h is  v iew r e c e i v e s  s u p p o r t  f r o m  t h e  i s o l a t i o n  of b e n z e n e ,  
when a n o t h e r  s o l v e n t  i s  u se d  a s  r e a c t i o n 'm e d i u m ,  an d  of t h e  
a p p r o p r i a t e  am id e ,
-However, d u r i n g  t h e  p r e s e n t  s t u d y  o f  t h e  a c t i o n  of  
sodamide  on 4 - r o e t h y l - o ^ - e t h y l - n - c a p r o p h e n o n e ,  i t  h a s  b e en  f o u n d  
t h a t  a l t h o u g h  t h e .  main r e a c t i o n  seems t o  go a l o n g  t h e  l i n e s  
i n d i c a t e d  a b o v e ,  t h e r e  was a l s o  some c l e a v a g e  on t h e  o t h e r  
s i d e  of  t h e  c a r b o n y l  g r o u p .  T h is  was i n d i c a t e d  b y  t h e
1 9
i s o l a t i o n  o f  a s m a l l  amount of benzam ide  f rom  th© r e a c t i o n
p r o d u c t  ; *
w a t e r
R1R2R3 0 ,CO,C6H5 + NaNH2  —f  CgHg.CONHg + R1R2 R3 CH,
s»
where R^,R2 and R3 a r e  m e t h y l ,  e t h y l  and  n - b u t y l  r e s p e c t i v e l y ,
. I n  g e n e r a l ,  t h i s  s p l i t t i n g  up t o  g i v e  s u b s t i t u t e d  
a c e t a m i d e s  p r o c e e d s  q u i t e  r e a d i l y  i n  benzene  when t h e  t e r t i a r y  
, a l k y l  g ro u p  i s  s m a l l ,  b u t  when l a r g e r  g r o u p s  a r e  i n t r o d u c e d ,  
h i g h e r  b o i l i n g  s o l v e n t s  su c h  as  t o l u e n e  a n d  x y l e n e  must be 
u s e d ,  and  e v en  t h e n  t h e  y i e l d s  t e n d  t o  become much l o w e r .
The r e q u i r e d  k e to n e  i t s e l f  i s  p r e p a r e d  b y  s y s t e m a t i c a l l y  
r e p l a c i n g  t h e  two a c t i v a t e d  h y d r o g e n  a tom s a d j a c e n t  t o  t h e  
c a r b o n y l  g ro u p  i n  p r o p io p h e n o n e  (when one  o f  t h e  g ro u p s  i n  
t h e  t - a l k y l  r a d i c a l  i s  t o  be m e t h y l ) .  T h is  i s  b e s t  c a r r i e d  
o u t  by f o r m in g  t h e  s o d i o - d e r i v a t i v e  t h r o u g h  t h e  i n t e r a c t i o n  o f  
t h e  o r i g i n a l  k e t o n e  w i t h  sodamide i n  an i n e r t  s o l v e n t ,  e , g ,  
b e n z e n e ,  an d  t h e n  a d d in g  an a l k y l  h a l i d e .  The main  d i f f i c u l t y  
i n  t h i s  p r o c e d u r e  l i e s  in  s e p a r a t i n g  r e a c t i o n  p r o d u c t  f rom  ■ 
unchang ed  r e a c t a n t ,  a s  t h e i r  p h y s i c a l  c o n s t a n t s  a r e  e x t r e m e l y  
n e a r  t o  one a n o t h e r  and t h e i r  c h e m ic a l  p r o p e r t i e s  a l i k e .  To 
m e n t io n  one i n s t a n c e ,  t h e  b o i l i n g  p o i n t  o f  p r o p io p h e n o n e  I s  
1 1 5 ° /2 0  mm. and t h a t  o f  o< -bu ty l  p r o p io p h e n o n e  1 2 3 ° /2 3  mm. I n  
o r d e r ,  t h e r e f o r e ,  t o  make s u r e  t h a t  one i s  u s i n g  p u re  r e a g e n t s  
i n  t h e  s u b s e q u e n t  s t a g e s ,  o n l y  a r e l a t i v e l y  s m a l l  f r a c t i o n  o f  
t h e  p r o d u c t  can  b e  u s e d .  One way t o  a v o i d  t h i s  d i f f i c u l t y  i s ,  
o f  c o u r s e ,  t o  i n t r o d u c e  l a r g e  r a d i c a l s ,  b u t  when t h i s  was
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s
t r i e d  o u t ,  i t  was f o u n d  t h a t  t h e  m o le c u le  t h u s  o b t a i n e d ,  v i z ,  
fcf-ne t h y l - ^ ^ b e n z y  1 - n - c a p r o p h e n o n e  , do n o t  r e a c t  a t  a l l  
r e a d i l y  w i t h  sod a m id e ,
3 ,  Prom Nit r i l e s ,
The p r e p a r a t i o n  o f  t r i s u b s t i t u t e d  a c e t o n i t r i l e s  an d  t h e i r  
s u b s e q u e n t  h y d r o l y s i s  to  c a r b o x y l i c  a c i d s  o f  t h e  t y p e  
RlRgRgC.COOH was f o u n d  t o  be  t h e  most  s u i t a b l e  m e th o d  f o r  
o b t a i n i n g  t h e  r e q u i r e d  a c i d s  i n  r e a s o n a b l e  q u a n t i t i e s .  The 
g e n e r a l  m ethod  of p r e p a r a t i o n  o f  t h e  n i t r i l e ,  o(-methyl-c^-  
p h e n y l - n - c a p r o n i t r i l e ,  was r a t h e r  s i m i l a r  to t h a t  employed i n  
t h e  s y n t h e s i s  of  t r i s u b s t i t u t e d  a c e to p h e n o n e s .  S t a r t i n g  w i t h  
b e n z y l  c y a n id e , ,  a d d i t i o n  o f  one e q u i v a l e n t  o f  sodamide  f o l l o w e d  
by  a s o l u t i o n  o f  t h e  c a l c u l a t e d  amount o f  d i m e t h y l  s u l p h a t e  i n  
b e n z e n e ,  y i e l d e d  h y d r a t r o p o n i t r i l e ,  I t  was f o u n d  i m p o s s i b l e  t o  
s e p a r a t e  t h e s e  two n i t r i l e s  by f r a c t i o n a l  d i s t i l l a t i o n ,  as  
t h e i r  b o i l i n g  p o i n t s  l a y  w i t h i n  two d e g r e e s  of e a c h  o t h e r  a t  
13 mm, p r e s s u r e *  Use was t h e r e f o r e  made of  t h e  p r o p e r t y  o f  
b e n z y l  c y a n i d e  t o  r e a c t  w i t h  sodium e t h o x i d e  and b e n z a ld e h y d e  
t o  g iv e  t h e  c r y s t a l l i n e  b e n z a l b e n z y l c y a n i d e  u n d e r  c o n d i t i o n s  
whixh  l e a v e  h y d r a t r o p o n i t r i l e  u n a f f e c t e d  ( 4 2 ) ;  t h i s  made i t  
p o s s i b l e  t o  s e p a r a t e  t h e  two homologous c y a n i d e s .
To a s o l u t i o n  o f  t h e  p u re  p r o d u c t  i n  b e n z e n e  were a d d ed  
s i m u l t a n e o u s l y  t h e  c a l c u l a t e d  amounts  of n - b u t y l  b ro m id e  and 
so d a m id e ,  u s i n g  Z i e g l e r  a n d  0 h l i n g e r f s method ( 4 3 ) ,  a n d  t h i s  
gave r e a s o n a b l y  good y i e l d s  of  4  - m e t h y l~ o ( - p h e n y l - n ~ c a p r o n i -  ■ ^ : 
t r i l e .
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The v a r i o u s  a t t e m p t s  a t  h y d r o l y s i n g  th i s . c o m p o u n d
b r o u g h t  t o  l i g h t  some i n t e r e s t i n g  f e a t u r e s  * The h y d r o l y s i s  
' ■ ' ' : ■ I
o f  mono- o r  d i ~ s u b s t i t u t e d  a c e t o n i t r i l e s  u s u a l l y  p r o c e e d s
q u i t e  r e a d i l y  i n  b o t h  a c i d  a n d  a l k a l i n e  m e d ia .  By v a r y i n g
t h e  e x p e r i m e n t a l  c o n d i t i o n s  t h e  h y d r o l y s i s  c a n  b e  a r r e s t e d  a t
t h e  amide s t a g e  o r  b e  c a r r i e d  t h r o u g h  to  c o m p l e t i o n  t o  g iv e
t h e  a c i d .  Thus b e n z y l  c y a n id e  can b e  c o n v e r t e d  t o  p h e n y l*
a c e t a m i d e  b y  t h e  a c t i o n  of  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  room
t e m p e r a t u r e ,  w h e reas  r e f l u x i n g  i t  w i t h  70$ s u l p h u r i c  a c i d
y i e l d s  p h e n y l a c e t i c  a c i d  ( 4 4 ) ,  However, when t h e  l a s t  h y d ro g e n
of  s u b s t i t u t e d  a c e t o n i t r i l e s  i s  r e p l a c e d  by  an a l k y l  o r  a r y l
g r o u p ,  h y d r o l y s i s  becomes much more d i f f i c u l t .  W ith  some o f
t h e  lo w e r  members one can s t i l l  s e p a r a t e  a p p r e c i a b l e  amounts
of  t h e  a m id e ,  a s  shown by Bodroux and T ab o u ry  ( 4 5 ) , '  who, a f t e r
h a v i n g  r e f l u x e d  d i e t h y l - p h e n y l - a c e t o n i t r i l e  i n  amyl a l c o h o l i c
p o t a s h  f o r  s e v e r a l  h o u r s ,  o b t a i n e d  80$ o f  t h e  a m id e .  On t h e
- o t h e r  h a n d ,  d i b u t y l - p h e n y l - a c e t o n i t r i l e  gave o n l y  a n  e x t r e m e l y
s m a l l  amount, of  amide when r e f l u x e d  i n  t h e  same a l k a l i n e
medium, and was n o t  a f f e c t e d  by  85$ s u l p h u r i c  a c i d .  I n  t h e
'c a se  o f  t r i p h e n y l a c e t o n i t r i l e ,  l o n g  b o i l i n g  w i t h  a l c o h o l i c
p o t a s h  r e s u l t e d  i n  v e r y  l i m i t e d  h y d r o l y s i s ;  t h i s  t a k e s  p l a c e
more r e a d i l y  on h e a t i n g  t h e  n i t r i l e  f o r  s e v e r a l  h o u r s  w i t h
g l a c i a l  a c e t i c  a c i d  a n d  fu m in g  h y d r o c h l o r i c  a c i d  a t  2 0 0 - 2 2 0 °C£
( 4 6 ) .  ;
The n i t r i l e  w h ich  was p r e p a r e d  i n  t h e  s e r i e s  o f  " "
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e x p e r i m e n t s  now to  b e  d e s c r i b e d ,  v i z ,  4 - m e t h y l - ^ - p h e n y l . - n -  
c a p r o n i t r i l e ,  was f o u n d  t o  b e  u n a f f e c t e d  by t h e  f o l l o w i n g  
r e a g e n t s  5 c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  p h o s p h o r i c  a c i d  
( c o l d  and  h o t ) ,  a m ix tu r e  o f  g l a c i a l  a c e t i c  and c o n c e n t r a t e d  
s u l p h u r i c  a c i d s ,  a n d  c o l d  c o n c e n t r a t e d  s u l p h u r i c  a c id *  h o t  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  was f o u n d  t o  decompose t h e  a c i d ,  
Only r e f l u x i n g  f o r  many days  w i th  a l c o h o l i c  KOH l e d  t o  t h e  
f o r m a t i o n  o f  b o t h  t h e  amide and  t h e  a c i d .
A l th o u g h  t h e  r e a c t i o n s  i n v o l v i n g  t h e  s u b s t i t u t i o n  of  t h e  
m e t h y l e n i c  h y d r o g e n  a toms o f  b e n zy l^  c y a n i d e  w e r e :e v e n t u a l l y  
f o u n d  t o  be  t h e  most s u i t a b l e  f o r  t h e  p r e p a r a t i o n  of t h e  
p a r t i c u l a r  t r i s u b s t i t u t e d  a c e t o n i t r i l e  r e q u i r e d ,  o t h e r  
p r e p a r a t i v e  methods t o o  were  i n v e s t i g a t e d .  The r e a c t i o n  of 
an o rg a n ic  h a l i d e  and  a m e t a l l i c  c y a n i d e  was f i r s t  c a r r i e d  o u t  
by  Wohler  a n d  L i e b i g  (47) who o b t a i n e d  b e n z o y l  c y a n i d e  b y  
d i s t i l l a t i o n  o f  b e n z o y l  c h l o r i d e  o v e r  m e r c u r i c  c y a n i d e ,  
C o n v e r s io n  cf a l k y l  h a l i d e s  to  t h e  n i t r i l e s  b y  t h e  u s e  o f  t h e  
c y a n i d e s  o f  a l k a l i  m e t a l s  was a c c o m p l i s h e d  b y  W i l l i a m s o n  i n  
1854 ( 4 8 ) ,  and  t h e  a c t i o n  o f  t h e  h e a v y  m e t a l  c y a n i d e s  was 
- s tu d ie d  b y  G a u t i e r  ( 4 9 ) .
The p o s s i b l e  a c t i o n  cf sodium c y a n i d e  on o ( - m e t h y l - ^ -  
e t h y l -  an d  on ^ -m e th y l - < ^ - p h e n y l - n - a m y l  c h l o r i d e s  was e x am ined ,  
b u t . o n l y  e i t h e r  t h e  unchanged  c h l o r i d e  o r  t h e  c o r r e s p o n d i n g  
a l c o h o l ,  a c c o r d i n g  t o  t h e  r e a c t i o n  medium, c o u l d  be  i s o l a t e d  
f rom  t h e  p r o d u c t ,  "
The s im p le  m e t a t h e t i c a l  r e a c t i o n  i n v o l v i n g  d i r e c t  
e s t e r i f i c a t i o n  of  an  a l c o h o l  w i t h  h y d r o c y a n i c  a c i d  h a s  o n l y  
r e c e n t l y  b e e n  d e m o n s t r a t e d  w i t h  c e r t a i n t y .  Such r e a c t i o n s  h a d  
b e e n  r e p o r t e d  t o  t a k e  p l a c e  i n  t h e  vapour  p h a se  o v e r  
d e h y d r a t i o n  c a t a l y s t s  su ch  as  a lu m in a  o r  t h o r i a  a t  300°C ( 5 0 ) ,  
However, t h e  a c t u a l  r e a g e n t  i n  t h e s e  c a s e s  may h a v e . b e e n  
e i t h e r '  t h e  o l e f i n e  o r  t h e  e t h e r  d e r i v e d  f ro m  t h e  a l c o h o l .
B o th  d e r i v a t i v e s  a r e  known t o  r e a c t  w i t h  h y d r o g e n  c y a n i d e ,  I n  
a more r e c e n t  r e p o r t ,  i t  i s  s t a t e d  t h a t  2 - b u t e n e - l , 4 ~  d i o l  w i l l  
r e a c t  w i t h  HGN in  t h e  l i q u i d  p h a se  a t  60~S0°C; t h e  c a t a l y s t  i n  
t h i s  c a s e  c o n s i s t s  o f  ammoniacal  c u p ro u s  c h l o r i d e  d i s s o l v e d  i n  
d i l u t e  h y d r o c h l o r i c  a c i d  •
H 0 , C H 2 CH = C H - C H 2 0H  + 2 H C N - — > CNCHgCH *  CHCHgCN + 2^ 2 °
(70% y i e l d )
O th e r  r e a c t i v e  a l c o h o l s ,  su c h  a s  a l l y l  a n d  b e n z y l  a l c o h o l s ,  
r e a c t  s i m i l a r l y .
F ro m Es t e r s .
P o l g a r  and R ob inson  (51) h a v e  p r e p a r e d  t r i s u b s t i t u t e d  
a c e t i c  a c i d s  by  a method which b e a r s  a f u n d a m e n t a l  r e s e m b l a n c e  
t o  t h e  one o n  w h ic h  i s  b a s e d  t h e  p r e p a r a t i o n  of  f u l l y  
s u b s t i t u t e d  a c e t o n i t r i l e s .  They s y n t h e s i s e d  m e t h y l - n - d e c y l -  
n - d o d e c y l a c e t a t e  b y  r e a c t i n g  i t s  sodium e n o l a t e  w i t h  m e th y l  
i o d i d e .  I t  was f o u n d  t h a t  t h e  t r i s u b s t i t u t e d  a c e t i c  a c i d s  
o b t a i n e d  on  h y d r o l y s i s  o f  t h e  e s t e r s  c o n t a i n e d  unchan g ed  
d i s u b s t i t u t e d  a c e t i c  a c id  an d  f u l l  p u r i f i c a t i o n  was l o n g  and*~
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t e d i o u s .  E v e n t u a l l y  t h e  p u re  a c i d s  w e re  o b t a i n e d  by  
f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  t h e i r  a m ides ,  ' .
As t h i s  method d i d  n o t  a p p e a r  more p r o m i s i n g  t h a n  t h e  one 
d e s c r i b e d  i n  s e c t i o n  3 ,  no a t t e m p t s  w e re  made to  t r y  i t  o u t  
i n  t h e  p r e p a r a t i o n  o f  t h e  compounds a imed a t  i n  t h e  p r e s e n t  
work.
b)  R e a r ran g e m en t  Rea c t i o n  of D e r i v a t i v e s  o f  
t r i s u b s t i t u t e d  A c e t i c  Ac i d s ,
( i )  The C u r t j u s  Reac t i o n .
The C u r t i u s  r e a c t i o n ,  w hich  c o n s i s t s  m a i n l y  i n  t h e  
d e c o m p o s i t i o n  o f  a c i d  a z i d e s  t o  i s o c y a n a t e s  a n d  n i t r o g e n ,  can  
be  u s e d  f o r  t h e  c o n v e r s i o n  of a c a r b o x y l  g r o u p  i n t o  an  amino 
g ro u p  j
R.COOH — > R,C0N3  R, NCO   > R,NH2
The r e a c t i o n  i s ,  i n  f a c t ,  a p r e p a r a t i v e  method f o r  
i s o c y a n a t e s  a n d  f o r  compounds d e r i v a b l e  f r o m  i s o c y a n a t e s  s u c h  
a s  u r e t h a n e s ,  u r e a s ,  am ides  and a m in e s ,
The r e a r r a n g e m e n t  o f  a c i d  a z i d e s  i n t o  i s o c y a n a t e s  was 
. o r i g i n a l l y  d i s c o v e r e d  b y  C u r t i u s  (52) w h i l e  i n v e s t i g a t i n g  
t h e  p r o p e r t i e s  of some d e r i v a t i v e s  o f  h y d r a z o i c  a c i d ,  b u t  he 
d i d  n o t  a t  t h a t  t im e  r e a l i s e  i t s  t r u e  n a t .u r e .
Acid  a z i d e s  a r e  commonly p r e p a r e d  b y  t r e a t i n g  a c id  
h y d r a z i d e s  i n  c o l d  aqu eo us  s o l u t i o n  w i t h  n i t r o u s  a c i d .  The 
r e q u i r e d  h y d r a z i d e s  a r e  p r e p a r e d  f rom  e s t e r s  b y  r e a c t i o n  w i t h 1
\
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h y d r a z i n e .  A c id  a z i d e s  can  a l s o  h e  made by  t r e a t i n g  ac id  
c h l o r i d e s  w i t h  sodium a z i d e .
r , c o o c h 5 + m 2nh2 — } RC0NHNH2 + ch3oh
R,CONHUHg + HH02 —> RCONg + 2Hg O
R.C0C1 + NaNg — f  R,CON„ + NaCl 
Whereas t h e  h y d r a z i d e  method was t h e  m os t  w i d e ly  u se d  one 
i n  t h e  o r i g i n a l  e x p e r i m e n t s ,  t h e  a c i d  c h l o r i d e  -  sodium a z i d e  
method to o  was known a n d  u se d  ( 5 3 ) ,  The s e c o n d  p r o c e d u r e  h a s  
become more w i d e ly  a p p l i e d  s i n c e  N a e g e l l  and h i s  f e l l o w  
w o rk e rs  (54) h ave  shown t h a t  n o t  o n l y  c a n  i t  be  employed i n  
mosb c a s e s  where  t h e  h y d r a z i d e  method i s  s u i t a b l e ,  b u t  t h a t  i t  
i s  o f t e n  p r e f e r a b l e .
The r e a c t i o n  b e tw e e n  an  a c i d  c h l o r i d e  and sodium a z i d e  
can be  c a r r i e d  out u n d e r  a n h y d ro u s  c o n d i t i o n s  a c c o r d i n g  t o  
p r o c e d u r e s  d e s c r i b e d  by  S c h r o e d e r  ( 5 5 ) ,  F o r s t e r  (56) and 
N a e g e l i  ( 5 7 ) ,  o r  w i t h  aqueous sodium a z i d e  a c c o r d i n g  t o  
Lindemann ( 5 8 ) ,
The d r y  method i s  t h e  o n l y  p r a c t i c a l  one f o r  h i g h l y  
r e a c t i v e  c h l o r i d e s ,  su c h  a s  a c e t y l  c h l o r i d e ,  o r  f o r  t h e
' - p r e p a r a t i o n  and r e a r r a n g e m e n t  o f  v e ry  u n s t a b l e  a z i d e s ;  i t
*
p r o v i d e s  a means of  c a r r y i n g  o u t  t h e  r e a c t i o n  s e q u e n c e  
RGOOH — ^RCOCl — ^RC0N3— ^ RNCO — f  RNHg i n  t h e  same r e a c t i o n  
v e s s e l  a s ' o n e  m u l t i p l e  s t e p .  On t h e  o t h e r  h an d  i t  i s  n o t  
a r e l i a b l e  m ethod ,  f o r  many a c i d  c h l o r i d e s  a r e  i n e r t  t o  d r y  
sodium a z i d e .  The r e a c t i o n  i s  so m e t im es  d i f f i c u l t  ‘ t o  ...
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c o n t r o l ,  s i n c e - t h e  h e a t in g -  r e q u i r e d  f o r  t h e  f o r m a t i o n  of t h e
a z i d e  may a l s o  c a u s e  r e a r r a n g e m e n t ;  t h e  t w o .e x o th e r m i c
r e a c t i o n s  o c c u r r i n g  s i m u l t a n e o u s l y  som etim es  g e t  ou t  o f
c o n t r o l *  The use  o f  aqueous  sodium a z i d e  r e q u i r e s  t h e
v
i s o l a t i o n  of t h e  a z i d e  a s  an e x t r a  o p e r a t i o n ,  b u t  t h e  r e a c t i o n  
i s  more r e l i a b l e ,  e a s i e r  t o  c o n t r o l  and  u s u a l l y  much f a s t e r *
I n  t h e  d r y  m e th o d ,  t h e  a c i d  c h l o r i d e ,  d i s s o l v e d  i n  a n  
i n e r t  s o l v e n t ,  i s  s t i r r e d  a n d / o r  h e a t e d  w i t h  powdered  sodium 
a z i d e ,  t h e  q u a l i t y  o f  w h ic h  h a s  b e e n  known t o  a f f e c t  t h e  
y i e l d s  o f  a z i d e  v e r y  a p p r e c i a b l y  ( 5 7 ) ,  P a r t  o r  a l l  o f  t h e  
a z i d e  may be  c o n v e r t e d  t o  i s o c y a n a t e  a t  t h e  same t i m e ,  a s t e p  
which  i s  com p le te d  by  r e f l u x i n g * '  T h is  p r o d u c t  may t h e n  e i t h e r  
be i s o l a t e d  or  c o n v e r t e d  t o ^ t h e  u r e a ,  u r e t h a n e  o r  am in e ,  by  
an a p p r o p r i a t e  method*
Benzene  ( 5 9 ) ,  t o l u e n e  ( 6 0 ) ,  x y l e n e  (59) and many o t h e r  
s o l v e n t s  have  b e e n  u s e d  I n  t h e  d r y  m e th o d .  E t h y l  e t h e r ,  
a l t h o u g h  o c c a s i o n a l l y  u se d  ( 6 1 ) ,  s u f f e r s  f ro m  t h e  d i s a d v a n t a g e  
of  h a v i n g  a b o i l i n g - p o i n t  w h ic h  is.  b e lo w  t h e  d e c o m p o s i t i o n  
t e m p e r a t u r e  o f  many a z i d e s .
I n  t h e  wet m e th od ,  a c o n c e n t r a t e d  aqueous  s o l u t i o n  o f
sodium a z i d e  i s  s t i r r e d  i n t o  a s o l u t i o n  o f  t h e  a c i d  c h l o r i d e
■?
i n  an o r g a n i c  s o l v e n t  m i s c i b l e  w i t h  w a t e r ,  u s u a l l y  a c e t o n e ,  
w h ich  a p p e a r s  t o  b e  t h e  most g e n e r a l l y  s a t i s f a c t o r y  ( 6 2 ) ,
The r e a c t i o n  m i x t u r e  i s  n o r m a l l y  k e p t  a t  o r  be low  room .. 
t e m p e r a t u r e ' .  The a z i d e  i s  p r e c i p i t a t e d  c o m p l e t e l y  by  1
f u r t h e r  d i l u t i o n  w i t h  w a t e r .
The r e a d i n e s s  w i t h  w h ic h  a z i d e s  r e a r r a n g e  v a r i e s  f rom  
r a p i d ,  s p o n t a n e o u s  r e a c t i o n  a t  room t e m p e r a t u r e  (63) t o  
co m p le te  i n e r t n e s s  ( 6 4 ) ,  However, i n  t h e  v a s t  m a j o r i t y  o f  
c a s e s  t h e  r e a r r a n g e m e n t  can  be  b r o u g h t  a b o u t  by  r e f l u x i n g  i n  
a s o l v e n t  b o i l i n g  a t  a b o u t  80°Q,
The C u r t i u s  r e a c t i o n  h a s  been  s u c c e s s f u l l y  a p p l i e d  t o  
c a r b o x y l i c  a c i d s  of  most k i n d s ,  e i t h e r  s t a r t i n g  w i t h  t h e i r  
h y d r a z i d e s  o r  w i t h  t h e  a c i d  c h l o r i d e .  The p r e p a r a t i o n  of 
a z i d e s  by t h e  a c t i o n  of sodium a z i d e  on t h e  a c i d  c h l o r i d e  goes 
more r e a d i l y  t h a n  t h e  a l t e r n a t i v e  m ethod i n  t h e  c a s e  o f  v e ry  
l o w - m o l e c u l a r - w e i g h t  a c i d s ,  whose h y d r a z i d e s  and  a z i d e s  a r e  
d i f f i c u l t  t o  e x t r a c t  f rom  w a te r*  by  t h i s  method a c e t y l  
c h l o r i d e  i s  c o n v e r t e d  t o  m e th y l  i s o c y a n a t e  t h r o u g h  t h e  a z i d e  
i n  6O-7256. y i e l d  ( 6 5 ) ,
L o w - m o le c u la r - w e ig h t  e s t e r s  r e a c t  q u i t e  r e a d i l y  w i t h  
h y d r a z i n e ,  b u t  h e a v i e r  ones  must be c o e r c e d .  B r a n c h i n g s  o f  
t h e  c a r b o n  c h a i n  a l p h a  t o  t h e  e s t e r  g ro up  r e t a r d s  h y d r a z i d e  
f o r m a t i o n ;  in  c o n t r a s t  w i t h  e t h y l  a c e t a t e ,  w h ich  r e a c t s  
s p o n t a n e o u s l y  w i t h  h y d r a z i n e  a t  room t e m p e r a t u r e ,  e t h y l  
p i v a l a t e  r e q u i r e s  a t e m p e r a t u r e  o f  140°C ,  and'  adam antane  
- 1 , 3 -  d i c a r b o x y l i c  e s t e r  ( I )  f a i l e d  t o  f o r m  a h y d r a z i d e  u n d e r  
a l l  c o n d i t i o n s  t h a t  were  t r i e d  (66)
CHp ___
EtOOC,C N " .C.COOEt
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I n  view o f  t h i s  f a c t ,  no a t t e m p t  was made t o  p r e p a r e  t h e  
h y d r a z i d e  o f  ^ - m e t h y l - c^ ~ p h e n y l - n ~ c a p r o i o  a c i d ,  e s p e c i a l l y  as  
i t  was fo u n d  t h a t  t h e  C u r t i u s  r e a c t i o n  w en t  q u i t e  sm o o th ly  
v i a  t h e  a c i d  c h l o r i d e .
( i i )  The Hofmann R eac t  i o n .
I n  t h e  Hofmann r e a c t i o n  a n  amide i s  c o n v e r t e d  t o  an  
amine w i t h  one l e s s  c a r b o n  atom by t r e a t m e n t  w i t h  b ro m ine  
(o r  c h l o r i n e )  and  a l k a l i  ( 6 7 ) ,  The r e a c t i o n
R.CONHg + .B r 2 + 40H“  k  R,NH2 + C0~ + 2B r“ + 2H20
s •
i s  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  of am ines  f r o m  sjnides o f  
a l i p h a t i c ,  a r o m a t i c ,  a r y l a l i p h a t i c  a n d  h e t e r o c y c l i c  a c i d s .
The f i r s t  p r o d u c t  o f  t h e  r e a c t i o n  was i d e n t i f i e d  b y
t
Hofmann a s  b e i n g  a N -h a lo a m id e ,  w hich  was f o u n d  to  r e a c t  
w i th  a l k a l i  to  g iv e  u n s t a b l e  s a l t s  (6 8 ) ;
R.C0NH2 + Haig +0H"—  ^ RCONHHal + Hal" + HgO
R.CONHHal + OH"'  iR.CONHal ' + HgO
T h is  u n s t a b l e  compound t h e n  r e a r r a n g e s  in  su c h  a way t h a t  t h e  
o r g a n i c  r e s i d u e  m i g r a t e s  f ro m  t h e  c a r b o n  t o  t h e  n i t r o g e n  a tom ,
t o  y i e l d  an i s o c y a n a t e  (RCONHal)"* A- RN=C=0- + H a l " ,
I n  t h e  p r e s e n c e  o f  w a t e r  a n d  a n  e x c e s s  o f  a l k a l i ,  t h e  
i s o c y a n a t e s  a r e  h y d r o l y z e d  t o  amines  5 OH” + R.NCO—  ^
R.HHCOOj" R.HHg + CO3  
I s o c y a n a t e s  d e r i v e d  f r o m  some o f  t h e  h i g h e r  a l i p h a t i c  
a m i d e s ' r e a c t  more r a p i d l y  w i t h  t h e  h a lo a m id e  s a l t s  t h a n  w i t h
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w a t e r  and  a l k a l i ,  so t h a t ,  when t h e s e  am ides  a r e  s u b j e c t e d ,  t o  
t h e  Hofmann r e a c t i o n  i n  aqueous  medium, o n l y  s m a l l  amounts  
o f  amines  a r e  f o r m e d .  A l th o u g h  amines  a r i s e  f ro m  t h e  
h y d r o l y s i s  o f  t h e  a l k y l  a c y l  u r e a s  f o r m e d ,  t h e y  a r e  l a r g e l y  
o x i d i s e d  t o  n i t r i l e s  by  t h e  e x c e s s  o f  h y p o b r o m i t e  p r e s e n t *
' R,NHCONHCOR + H^O — f  R.NHg +■ R.CONHg + C0p 
RCH2 NH2 + 2 OHal i  R.CK + 2H al"  + 2HgO 
Such am ides  can ,  h o w e v e r ,  b e  r e a d i l y  c o n v e r t e d  i n t o  t h e  
r e q u i r e d  amine b y  u s i n g  an a l t e r n a t i v e  way o f  c a r r y i n g  o u t  
t h e  Hofmann r e a c t i o n  ( s e e  f u r t h e r ) .
Methods
1 ,  Hofmann c a r r i e d  o u t  t h e  d e g r a d a t i o n  o f  a c i d  amides  by  
d i s s o l v i n g  th e m  in  an  e q u i m o l e c u l a r  amount of  b rom ine  and 
t h e n  a d d in g  c a u s t i c  p o t a s h .  The lo w e r  a l i p h a t i c  amides  were 
c o n v e r t e d  i n t o  the  amine i n  y i e l d s  above  70%, b u t  w h i l e  
h e x y la m in e  was o b t a i n e d  i n  70% y i e l d ,  h e p t y l a m i n e  c o u l d  o n ly  
be  p r e p a r e d  i n  30% y i e l d ;  t h e  amide o f  d i -pheny l  p r o p i o n i c  a c i d  
gave l e s s  t h a n  30% o f  d - p h e n y l e t h y l a m i n e  ( 6 7 ) .
2 ,  Hoogewerf and Va.n Dorp (69 ,  70) im proved  t h e  method 
by  d i s s o l v i n g  t h e  amide i n  a v e r y  s l i g h t  e x c e s s  o f  c o l d  
aq ueous  h y p o h a l i t e  s o l u t i o n ,  f o l l o w e d  by r a p i d  warming ,
3 ,  A l th o u g h  t h e  method  o f  Hoogewerf  and  Van Dorp i s  
g e n e r a l l y  u s e d  f o r  t h e  d e g r a d a t i o n  of  s i m p l e  a m i d e s ,  i t  f a i l s  
t o  g i v e  good y i e l d s  when a p p l i e d  t o  t h e  am ides  o f  t h e  h i g h e r  
a l i p h a t i c  a c i d s .  Such amides  a r e ,  h ow ever ,  s m o o t h ly
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c on v er ted ,  to  m e th y l  c a r b a m a te s  i f  b ro m ine  (1 m o l e ) - i s  added  
w i t h  t h o r o u g h  m ix in g  t o  a m e t h a n o l i c  s o l u t i o n  o f * t h e  amide 
(1 mole)  c o n t a i n i n g  scdium m e th o x id e  (2 m oles)*
RCONHg + Brg + 2NaOGHg £ RNHC00CH3 + 2NaBr + CH^OH
Warming t h e  s o l u t i o n  c o m p le te s  t h e  r e a c t i o n  i n  a few 
m i n u t e s .  The u r e t h a n e  i s  i s o l a t e d  e a s i l y  from" t h e  r e a c t i o n  
m i x t u r e ,  and  t h e  amine may be  o b t a i n e d  i n  good y i e l d s  by 
s a p o n i f i c a t i o n  w i t h  sod ium , p o t a s s i u m  o r  c a l c i u m  h y d r o x i d e  
( 7 1 , 7 2 ) ,  .■ ’
. In  t h e  p r e s e n t  e x p e r i m e n t s ,  t h e  amide o f  ol -methyl-o(*- 
p h e n y l - n - c a p r o i c  a c i d  was r e a c t e d  w i t h  sodium h y p o c h l o r i t e  
and gave  a 10$ y i e l d  o f  o ( - m e t h y l - ^ p h e n y l - n ~ a m y l a m i n e .
( i i i )  The Schmidt  R e a c t i o n .
The Schmidt  r e a c t i o n  c o v e r s  t h e  i n t e r a c t i o n  b e tw e e n  
c a r b o n y l  compounds a n d  h y d r a z o i c  a c i d  i n  t h e  p r e s e n c e  o f  
s t r o n g  m i n e r a l  a c i d ,  I t  a f f o r d s  a c o n v e n i e n t  method f o r  t h e  
p r e p a r a t i o n  o f  p r i m a r y  am ines  f ro m  c a r h o x y l i c  a c i d s ,  . 
a c c o r d i n g  t o  t h e  scheme*
R.COOH + HN3 - H2 so ^ R.NH2 ‘+ C02 + N2 - 
A ld eh y des  y i e l d  n i t r i l e s  an d  f o r m y l  d e r i v a t i v e s  of a m in e s ,  
and k e t o n e s  y i e l d  amides*
R.CHO + HN3 8 4 r . cn and  R.NHCHO
RCOR + HN3 HSS0,4 RCONHR + U2 :
The mechanism o f  t h e  Schmidt  r e a c t i o n  h a s  n o t  b een  
e s t a b l i s h e d  w i t h  c e r t a i n t y .  • Schmidt  (73) s u g g e s t e d  t h a t  t h e  
h y d r a z o i c  a c i d  i s  c l e a v e d  by  t h e  s t r o n g  m i n e r a l  a c i d  t o  
n i t r o g e n ,  and  t h e  im ide  r a d i c a l  (NH), T h is  r a d i c a l  i s  
su p p o sed  t o  add t o  t h e  c a r b o n y l  g r o u p ,  f o l l o w e d  b y  a 
r e a r r a n g e m e n t  e i t h e r  d i r e c t l y  o r  by  a Beckmann t r a n s f o r m a t i o n  
o f  an i n t e r m e d i a t e  oxime t o  t h e  amide*
O l i v e r i - M a n d a l a  ( 7 4 ) ,  on t h e  o t h e r  h a n d ,  s u g g e s t e d  t h a t  t h e  
i n i t i a l  s t e p  i s  p r o b a b l y  t h e  a d d i t i o n  o f  h y d r a z o i c  a c i d  t o  
t h e  c a r b o n y l  g ro u p  t o  f o r m  t h e  c o r r e s p o n d i n g  a z i d e ,  w h ic h  
would t h e n  undergo  d e c o m p o s i t i o n  to g i v e  t h e  p r o d u c t s  
o b t a i n e d  by  S c h m id t ,
T h ere  i s  s t r o n g  e v i d e n c e  t h a t  t h e  Schmidt mechanism i s  
i n c o r r e c t .  I f  t h e  i m i n o ~ r a d i c a l  i s  c o n c e r n e d ,  t h e  r a t e  o f  
r e a c t i o n  s h o u l d  be  c o n t r o l l e d  b y  t h e  r a t e  o f  d e c o m p o s i t i o n  
o f  t h e  h y d r a z o i c  a c i d ,  Schmidt  h i m s e l f  f o u n d ,  h o w e v e r ,  t h a t
i t  i s  n o t  c o m p le te  f o r / f i v e  h o u r s ,  w h e reas  a number o f  k e t o n e  
e . g .  c y c lo h e x a n o n e  a n d  b e n z y l a c e t o n e ,  r e a c t  v i g o r o u s l y  a t
p o s t u l a t e d  by  Schmidt  i s  p ro v e d  b y  t h e  f a c t  t h a t  t h e  oxime of
r
RCONHR
RC0Rf .+HN3  » RCRf (0H)N3  RNHC0R1 o r  RCONHR *
d e c o m p o s i t i o n  d o e s  no t  o c c u r  below 3 0 ° ,  and even a t  6 0 ° - 7 0 °
0°C, T ha t  t h e  oxime i s  a l s o  n o t  an i n t e r m e d i a t e  a s
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^ - h y d r i n d o n e  i s  unchanged  toy . h e a t i n g  w i th '  c o n c e n t r a t e d
s u l p h u r i c  a c i d  a t  100°C ( 7 5 ) ,  w h e reas  i n  t h e  Schmidt
r e a c t i o n  o ( -hydr indone  i  s sm o o th ly  c o n v e r t e d  i n t o  h y d r o c a r -
b o s t y r y l  a t  40°C ( 7 6 ) ,
Hurd ( 7 7 ) ,  B r i g g s  a n d  L y t t - l e t o n  (73) h a v e  ad v an c ed  a
mechanism f o r  t h e  Schmidt  r e a c t i o n  b a s e d  on  t h e  l i n e a r
f o r m u l a t i o n  o f  h y d r a z o i c  a c i d  a s  a r e s o n a n c e  h y b r i d  ( 7 9 ) ,
( I )  b e i n g  t h e  s t a b l e ,  and ( I I )  and  ( I I I )  t h e  r e a c t i v e  fo rm s*
H -  N = N+ = Nj" ' H -  H -  N+ S Ns
o r  *' " I, H -  N = N -  N}
H -  N = N — -N: H -  N H 5 Nj " ''♦ * <M1 .
I  I I  I I I
I f  one c o n s i d e r s  f o r m u l a  I I  a s  b e in g  t h e  one  i n v o l v e d  i n  t h e
Schmidt  r e a c t i o n ,  t h e  l a t t e r  can  t h e n  be  f o r m u l a t e d  a s  
f o l l o w s }
R* £. * r \  ’(&) R»
• ■ R *  C + jljT =-N = N: £  R -  C+ + .N  -  H+ ;  N“
U  6 ■ ■ H O' H .
(to) ?•' + (o) V  >  .
R - C - N - N 5 N  — t  R -  G -  N -  H + N9• =  I I I &
0 - H 0-
R -  G -  SH.R'II
0
The f i r s t  p h a se  (a)  i s  t h e  a c t i v a t i o n  of  b o t h  t h e  k e t o n e  o r  
a c i d  and  t h e  h y d r a z o i c  a c i d  u n d e r  t h e  i n f l u e n c e  of  t h e  
■ s t ro n g ly  p o l a r  s u l p h u r i c  a c i d ,  f o l l o w e d  by .  a d d i t i o n  (b) of..., 
t h e  a c t i v e  h y d r a z o i c  a c i d  m o le c u l e  to  t h e  p o s i t i v e  c a r b o n
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of  t h e  c a r b o n y l  g ro u p .  The a d d i t i o n  complex l o s e s  n i t r o g e n  
( c )  and  t h e  r e m a i n i n g  s t r u c t u r e  u n d e rg o e s  a f u r t h e r  
t r a n s f o r m a t i o n  (d) a n a lo g o u s  t o  t h a t  p o s t u l a t e d  f o r  t h e  
p i n a c o l - p i n a c o l o n e  a n d  a l l i e d  t r a n s f o r m a t i o n s .  When R i n  
t h e  Schmidt  r e a c t i o n  i s  OH ( i , e ,  c a r b o x y l i c  a c i d )  a 
c a r b a m i c a c i d  i s . f o r m e d  w h ic h  l o s e s  c a r b o n  d i o x i d e  . 
s p o n t a n e o u s l y  and y i e l d s  t h e  c o r r e s p o n d i n g  amine.
The r e a c t i o n ,  which  i s  u s u a l l y  c a r r i e d  out  i n  a n  i n e r t  
s o l v e n t  l i k e  c h l o r o f o r m  and  a t  a t e m p e r a t u r e  o f  a b o u t  40°G, 
h a s  been  a p p l i e d  t o  many a l i p h a t i c  and  a r o m e t i c  c a r b o x y l i c  
a c i d s ,  and  i n  e a c h  c a s e  t h e  c o r r e s p o n d i n g  amine was o b t a i n e d .  
A l th o u g h  i n  t h e  o r i g i n a l  e x p e r i m e n t s  a n  aqueous  s o l u t i o n  of 
h y d r a z o i c  a c i d  was u s e d ,  O e s t e r l i n  (80) showed t h a t  t h e  much
l e s s  d a n g e r o u s  an d  f a r  e a s i e r  t o  h a n d l e  sod ium  a z i d e  c o u l d
\
be employed d i r e c t l y .
Using  t h i s  im proved  t e c h n i q u e *  B r i g g s ,  DeAth a n d  E l l i s  
(81) showed t h a t  t h e  a c t i o n  o f  h y d r a z o i c  a c i d  on p o d o c a r p i c  
a c i d  ( I ) ,  which  c o n t a i n s  a c a r b o x y l  g r o u p  a t t a c h e d  to  a 
t e r t i a r y  c a rb o n  a to m  ( 8 2 ) ,  . l ed  t o  t h e  f o r m a t i o n  of t h e  
c o r r e s p o n d i n g  amine i n  good y i e l d s ,  so t h e r e  seems t o  be  
l i t t l e  s t e r i c  e f f e c t  i n  t h e  Schmidt  r e a c t i o n .
S i m i l a r l y ,  c a m p h o l i c  a c i d  ( I I )  (83) and t h e  i s o b u t y r i c  
a c i d  d e r i v a t i v e  ( I I I )  a r e  r e a d i l y  c o n v e r t e d  to  t h e  
c o r r e s p o n d i n g  am in e .
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CH3 COOH (CH3 ) 2 C.C00H
H2 0< C ( CH^) 2
/
h2 c -  c h , ch3
OH
X I I I I I
Cinnamic a c id  y i e l d s  p h e n y l a c e t a l d e h y d e ,  p r o b a b l y  
t h r o  ugh ' f o r m a t i o n  o f  s t y r y l a m i n e  ( I ) ,  r e a r r a n g e m e n t  to the  
a l d i m i n e  ( I I )  and s u b s e q u e n t  h y d r o l y s i s  ( 8 0 ) ;
A p p r e c i a b l e  amounts  o f  a n i l i n e  a r e  o b t a i n e d  i n  t h i s  r e a c t i o n  
b u t  O e s t e r l i n  d o e s  n o t  p u t  f o r w a r d  a n y  e x p l a n a t i o n  t o  a c c o u n t  
f o r  I t s  f o r m a t i o n ,
4 - .m e th y l - o ( - p h e n y l~ n - c a p r o i c  a c i d  was d e g r a d e d  b y  th e  Schmidt  
m e tho d ,  t h e  o n l y  b a s i c  p r o d u c t  o b t a i n e d  was a n i l i n e .  T h i s  
' a p p e a r s  t o  b e  t h e  o n l y  i n s t a n c e  i n  w hich  a n  a l i p h a t i c  
c a r b o x y l i c  a c i d  d o e s  n o t  y i e l d  t h e  c o r r e s p o n d i n g  am ine .  
A l th o u g h  t h e  mechanism pu t  f o r w a r d  b y  B r i g g s  and- 
L i t t l e t o n  (78) may be o f  g e n e r a l  a p p l i c a t i o n  i n  t h o s e  
r e a c t i o n s  where  t h e  d e g r a d a t i o n  p r o c e e d s  t o  g i v e  t h e  
e x p e c t e d  p r o d u c t ,  i t  does  n o t  a c c o u n t  f o r  t h e  b e h a v i o u r  o f  ~
C c CH=CH COOH+HN,
c6h 5 ch2 ch=hh — f 06H5CHgCHP
I I
I n  t h e  p r e s e n t  e x p e r i m e n t s  i t  was f o u n d  t h a t  when
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d -m e th y l - < V - p h e n y l - n - c a p r o i c  a c i d  when r e a c t e d  w i t h  
^ h y d r a z o ic  a c i d  i n  t h e  p r e s e n c e  of  c o n c e n t r a t e d  s u l p h u r i c
T he re ,  i s  i n s u f f i c i e n t  e x p e r i m e n t a l  e v id e n c e  on which  t o  
b a s e  a p o s s i b l e  mechanism f o r  t h i s  r e a c t i o n ,  b u t  i t  does 
a p p e a r  q u i t e  c o n c e i v a b l e  t h a t  t h e r e  i s  f i r s t  f o r m a t i o n  of  t h e  
a c i d  a z i d e  which  t h e n  p r o c e e d s  t o  l o s e  a n i t r o g e n  m o l e c u l e ,  
a s  i s  t h e  c a s e  i n  t h e  C u r t i u s  r e a c t i o n ,  t o  fo rm  t h e  u n s t a b l e  
(R,CON) ( I ) .  N o rm a l ly ,  t h i s  w ou ld  r e a r r a n g e  t o  R,NCO ( I I )  
by  m i g r a t i o n  of t h e  r a d i c a l  R f r o m  c a rb o n  t o  n i t r o g e n .  
However,  i n  t h e  c a se  und e r  c o n s i d e r a t i o n  on e  w o u ld  h a v e  t o  
assume t h a t  i n s t e a d  o f  a l i n k  b e i n g  f o rm e d  b e tw ee n  t h e  
t e r t i a r y  c a r b o n  atom a n d  t h e  n i t r o g e n  a tom, t h e  l a t t e r  
p r e f e r e n t i a l l y  a t t a c h e s  i t s e l f  to t h e  p h e n y l  g r o u p  w h i l e  a t  
t h e  same t im e  t h e  p h e n y l - c a r b o n  b o n d  b r e a k s  down,
The r e s u l t i n g  p h e n y l  i s o c y a n a t e ,  t h e . s m e l l  o f  w h i c h  can 
be  r e c o g n i s e d  d u r i n g  t h e  r e a c t i o n ,  w ou ld  t h e n  y i e l d  a n i l i n e  
a f t e r  h y d r o l y s i s .
S t r o n g  c o n f i r m a t o r y  e v id e n c e  f o r  t h e  above  h y p o t h e t i c a l  
mechanism was o b t a i n e d  b y  t h e  i s o l a t i o n  o f  h e x e n e ,  w h ic h  
would a c c o u n t  f o r  t h e  r e s i d u a l  p a r t  o f  t h e  m o l e c u l e .
a c i d
CH3 ,  
n~C4H9 - C , CON Ph,NCO
1 h e x e n e Ph,NHg
( i i )
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In c o n n e c t i o n  w i t h  t h i s  r e a c t i o n , ,  t h e r e  a re  a few 
p o i n t s  w h ich  must  be borne in  m in d .  F i r s t l y ,  t h e r e  i s  the 
f a c t  tha t ,  when the  a z id e  o f  o ( - m e t h y l - o ( - p h e n y l - n ~ c a p r o ic  a c i d  
i s  s u b m i t t e d  to th e  C u r t i u s  d e g r a d a t i o n  th e  e x p e c t e d  
s u b s t i t u t e d  amylamine i s  f o rm e d .  The mechanism in  t h i s  c ase  
i s  known w i t h  c e r t a i n t y  and i n c l u d e s  the  c o n v e r s i o n  o f  the  
u n s t a b l e  compound ( I )  i n t o  the  i s o c y a n a t e  ( I I ) . T h e r e f o r e  
t h e  f o r m a t i o n  o f  th e  new l i n k a g e  h a s  t ak e n  p l a c e  be tw een  the  
n i t r o g e n  and the t e r t i a r y  c a rbon  a tom .  S ince  in  the, C u r t i u s  
r e a r r a n g e m e n t  th e  r e a c t i o n  t a k e n  p l a c e  in  a n e u t r a l  medium, 
v i z . b e n z e n e ,  i t  would seem t h a t  i t  i s  the  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  w h ich  a c t i v a t e d  the  p h e n y l  r a d i c a l  in  su c h  a 
way t h a t  i t  a t t r a c t s  the  u n s h a r e d  e l e c t r o n s  on the n i t r o g e n  
a tom .
S e c o n d ly ,  the  Schmidt  r e a c t i o n  h a s  b e en  s u c c e s s f u l l y  
c a r r i e d  o u t  on me t h y l - p h e n y l  a c e t i c  a c id  to  y i e  Id c^-pheny 1- 
e th y la m in e  ( 6 4 ) .  The o n l y  d i f f e r e n c e  between t h i s  a c i d  and 
the  s u b s t i t u t e d  c a p r o i c  a c id  l i e s  in the  f a c t  t h a t  t h e  a lp h a  
h ydrogen  atom in  th e  f o r m e r  a c i d  h a s  been r e p l a c e d  by a 
n - b u t y l  g r o u p .  S ince  t h i s  i s  u s u a l l y  a r a t h e r  i n e r t  g r o u p ,  
i t  i s  n o t  e a s y  to  see  why i t s  p r e s e n c e  s h o u ld  e x e r t  any g r e a t  
i n f l u e n c e  on t h e  r e a c t i v i t y  of th e  p h e n y l  r a d i c a l .  I t  i s  
p o s s i b l e  t h a t  the  b u t y l  g ro u p  e x e r t s  a s t e r i c  e f f e c t .
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4 ,  The Mechanism of t h e  C u r t i u s ,  Hofmann and. Schmidt
R e a r ra n g e m e n t s  ,
When some o f  t h e  mechanisms p u t  f o r w a r d  t o  e x p l a i n  t h e  
C u r t i u s ,  Hofmann and  Schmidt  r e a c t i o n s  a r e  exam ined ,  t h e  most 
i m p o r t a n t  s t e p  i n  e a c h  c a s e  . c o n s i s t s  i n  t h e  r e a r r a n g e m e n t  o f  
t h e  u n s t a b l e  '(R.CON) r e s i d u e  i n t o  an  i s o c y a n a t e  R,NCO, a f t e r  
t h e  g r o u p  R h a s  m i g r a t e d  f ro m  t h e  ca rb on  t o  t h e  n i t r o g e n  
atomj f
0, 0  
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T h ere  i s  c o n s i d e r a b l e ' e v id e n c e  o f  a s t e r e o c h e m i c a l  
c h a r a c t e r  t h a t  t h i s  i s  a n  i n t r a m o l e c u l a r  c h a n g e ,  i . e .  one i n  
which  t h e  f r a g m e n t s '  o f  t h e  m o le c u le  do n o t  h av e  a s e p a r a t e  
e x i s t e n c e ,  and  t h a t  t h e  b r e a k i n g  o f  t h e  R-C b on d  and  t h e  
f o r m a t i o n  o f  t h e  N-R bond a r e  s i m u l t a n e o u s .
I f  R i s  a n - o p t i c a l l y  a c t i v e  group, ,  l i n k e d  t o  t h e  
r e m a i n d e r  o f  t h e  m o le c u l e  by  t h e  a sy m m e tr ic  c a r b o n  atom, 
as  symmetry w i l l  be  l o s t ,  l a r g e l y  o r  c o m p l e t e l y ,  i f  R becomes 
f r e e  a t  a n y  s t a g e .  An a lm o s t  q u a n t i t a t i v e  r e t e n t i o n  of 
o p t i c a l  a c t i v i t y  h a s  been  fo u n d  b y  A rcus  a n d  Kenyon (85) 
h ow ever ,  when h y d r a t r o p a m i d e  ( CgHg)(CHJCHGOHHg u n d e rg o e s  t h n  
Hofmann d e g r a d a t i o n ;  i t  was a l s o  fo u n d  (86) t h a t  f rom  th e  
a n a l o g o u s  C u r t i u s  r e a r r a n g e m e n t  o f  t h e  a z i d e  o f  ( + ) -hydra*.,  
t r o p i c  a c i d  i s  o b t a i n e d  . ( - ) - c ^ - p h e n y l - e t h y l a m i n e  o f  no l e s s  
t h a n  9 9 , 3 % o p t i c a l  p u r i t y .  U s ing  t h e  Schm id t  method o f
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c o n v e r t i n g  o p t i c a l l y  a c t i v e  h y d r a t r o p i c  a c i d  i n t o  t h e  
c o r r e s p o n d i n g  am ine ,  Campbell  (84) o b t a i n e d  fit r e t e n t i o n  of  
a c t i v i t y  o f  99,6%.
S i m i l a r l y ,  W a l l i s  a n d  h i s (c o - w o r k e r s  have  o b s e r v e d  
a b s e n c e  o f  r a c e m i z a t i o n  d u r i n g  t h e  C u r t i u s ,  Hofmann and 
L o sse n  d a g r a d a t i o n s  o f  o p t i c a l l y  a c t i v e  d e r i v a t i v e s  of 
b e n z y l m e t h y l - a c e t i c  a c i d ,  t h e  r o t a t i o n s  o f  t h e  am ines  
o b t a i n e d  f r o m - a z i d e ,  bromoamide and h y d ro x am a te  b e i n g  
i d e n t i c a l  ( 8 7 , 8 8 , 8 9 ) .
A c o m p le te  p r e s e r v a t i o n  o f  o p t i c a l  a c t i v i t y  i s  a l s o
f o u n d  d u r i n g  t h e  Hofmann d e g r a d a t i o n
( I )  o f  ( + ) - 3 , 5 - d i n i t r o ~ 2 - * ( - n a p h t h y l -
henzam ide  ( I ) ,  where o p t i c a l  a c t i v i t y  
0 =C,NH2 1s i u e  t0  r e s t r i c t i o n  of  r o t a t i o n
a b o u t  t h e  bond  b e tw e e n  t h e  b e n z e n e  a n d  n a p h t h a l e n e  n u c l e i ,
I f  at  a n y  t i m e  d u r i n g  t h e  r e a r r a n g e m e n t  t h e  m i g r a t i n g  g ro u p  
h a d  b e en  f r e e ,  t h e  r e s t r i c t i o n  would  h a v e  been  rem ov ed ,  and  
a t  l e a s t  p a r t i a l  r a c e m i z a t i o n  would h a v e  o c c u r e d  ( 9 0 ) .  
S i m i l a r  r e s u l t s  h a v e  b e en  o b t a i n e d  i n  the  C u r t i u s  r e a c t i o n ;
t h u s ,  i n  t h e  r e a r r a n g e m e n t  o f
con3 no2
o ~ ( 2 - m e t h y l - 6 - n i t r o p h e n y l ) - b e n z a z i d e
( I I ) ,  t h e  amine o b t a i n e d  i s  o p t i c a l l y  
^ 3  p u re  ( 9 1 ) ,
F u r t h e r ,  a q u a n t i t a t i v e  y i e l d  o f  t e r t , - b u t y l m e t h y l a m i n e  
i s  o b t a i n e d  f r o m  t e r t , - b u t y l a c e t a m i d e  ( 9 2 ) ,  w h e rea s  '• ~
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r e a c t i o n s  i n  which  d i s s o c i a t i o n  o c c u r s  i n v a r i a b l y  l e a d  t o  
t e r t *- a m y l ' d e r i v a t i v e s  b y  r e a r r a n g e m e n t  of t h e  g rou p  
( 9 2 , 9 3 ) ,  a n d  o n l y  one i s o c y a n a t e  i s  p ro d u c e d  when 
b e n z y l m e t h y l a c e t a z i d e  i s  d e g r a d e d  i n  p r e s e n c e  o f  t r i p h e n y l -  
m e t h y l  r a d i c a l s  (94)*
f
I n  f a c t ,  e x p e r i m e n t a l  e v id e n c e  i n d i c a t e s  t h a t  t h e  
C u r t i u s  r e a r r a n g e m e n t  i s  a l s o  u n i m o l e c u l a r  ( 9 5 , 8 7 , 9 6 ) .  
U n f o r t u n a t e l y ,  no q u a n t i t a t i v e  s t u d i e s  have  b een  made, a s  of  
t h e  Hofmann r e a c t i o n ,  t o  d e te r m in e  t h e  r a t e - c o n t r o l l i n g  s t e p  
i n  t h e  p r o c e s s .  I n  t h e  l a t t e r  c a s e ,  i t  i s  t h e  r e l e a s e  o f  t h e  
h a l i d e  i o n  f ro m  t h e  h a lo a m id e  a n i o n  w h ich  d e t e r m i n e s  t h e  
r a t e  o f  r e a c t i o n  ( 9 7 , 9 8 ) ,
Prom t h e  exam ples  g i v e n  a b o v e ,  i t  i s  o b v io u s  t h a t  t h e r e  
c an  be  no dou b t  r e g a r d i n g  t h e  i n t r a m o l e c u l a r  c h a r a c t e r  o f  t h e  
m i g r a t i o n  o f  t h e  g ro u p  R f ro m  c a r b o n  t o  n i t r o g e n *  t h e  g rou p  
i s  n o t  f r e e  a t  an y  s t a g e ,  Whitmore (99) s u g g e s t s  t h a t  t h i s  *■ 
g ro u p  m i g r a t e s  w i t h  i t s  e l e c t r o n  p a i r ,  b u t  s u c h  a p r o c e s s  i s  
d i f f i c u l t  t o  v i s u a l i z e  w i t h o u t  p o s t u l a t i n g  i t s  f r e e d o m  f o r  a 
momentary  p e r i o d ,  and  i t  seems more p r o b a b l e  t h a t  t h e  b i n d i n g  
of  R by  t h e  u n s h a r e d  e l e c t r o n s  of t h e  n i t r o g e n  a tom  and  t h e  
r e l e a s e  o f  a p a i r  by  R t o / t h e '  c a rb o n  atom o c c u r  
s i m u l t a n e o u s l y ,  These  e l e c t r o n i c  movements may b e  w r i t t e n *
Rs a
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T h is  i s  s i m i l a r  t o  t h e  mechanism s u g g e s t e d  f o r  t h e  
Beckmann r e a r r a n g e m e n t  where., how ever ,  t h e  g rou p  A does  n o t  
l e a v e  t h e  m o l e c u l e .  These  r e a r r a n g e m e n t s  have  one f e a t u r e  
i n  common: t h e  g ro u p  R m i g r a t e s  t o  an  a tom w h ic h  h a s  u n s h a r e d  
e l e c t r o n s ,  and  i t  i s  e asy  t o  e n v i s a g e  i t s  a t t a c h m e n t  by  
t h e s e  e l e c t r o n s  a s  o c c u r i n g  s i m u l t a n e o u s l y  w i t h  t h e  r e l e a s e  
o f  t h e  p a i r  by  which  i t  was l i n k e d  o r i g i n a l l y .
I t  h a s  be en  shown by  W a l l i s  a n d  N agel  ( 8 8 ) ,  and by 
Jon es  and  W a l l i s  (87) t h a t  ( + ) - b e n z y l m e t h y l a c e t i c  a c i d  i s  
c o n v e r t e d  b y  t h e  Hofmann and C u r t i u s  r e a r r a n g e m e n t s  i n t o  
( - ) - b e n z y l s t h y l a m i n e , ,  I t  h a s  a l s o  b e e n  shown by  Kenyon,  
P h i l l i p s  and  P i t t m a n  (100) t h a t  ( - ) - b e n z y l m e t h y l a c e t i c  a c i d  
h a s  t h e  same c o n f i g u r a t i o n  a s  ( + ) - b e n z y l e t h y l a m i n e . Thus i t  
a p p e a r s  h i g h l y  p r o b a b l e  t h a t  i n  t h e s e  r e a r r a n g e m e n t s  and  
c o n s e q u e n t l y  a l s o  i n  t h e  Schmidt  r e a c t i o n  t h e r e  i s  n o t  o n ly  
r e t e n t i o n  o f  asym m etry ,  b u t  a l s o ' o f  c o n f i g u r a t i o n  i , e ,  no 
Walden i n v e r s i o n ' t a k e s  p l a c e .  A l th o u g h  t h e  d i f f i c u l t y  o f  
r e l a t i n g  r o t a t i o n  t o  c o n f i g u r a t i o n  h a s  a s  y e t  p r e v e n t e d  
e x t e n s i v e  c o n f i r m a t i o n  o f  t h e  a b s e n c e  o f  Walden i n v e r s i o n  i n  
t h e  Hofmann r e a r r a n g e m e n t  o f  a l i p h a t i c  a m id es ,  t h e  p o i n t  i n  
q u e s t i o n  h a s  b e en  s t u d i e d  i n  t h e  C u r t i u s  r e a r r a n g e m e n t  o f  
o p t i c a l l y  a c t i v e  a z i d e s  o f  t h e  t y p e  R^^CHCON^ (86) and  has  
b e e n  c o n c l u s i v e l y  p ro v e d  f o r  t h e  c l o s e l y  a n a lo g o u s  W olf f  
r e a c t i o n .  Thus ( + ) - l - d i a z o - 3 ~ p h e n y l - 3 - m e t h y l - h e p t a n - 2 - o n e  
r e a r r a n g e s  t o  t h e  c o n f i g u r a t i o n a l l y  i d e n t i c a l  ( o p t i c a l l y
p u r e )  ( - ) - ^ - p h e n y l - y # - m e t h y l e n a n t h i c  a c i d  ( 1 0 1 ) ;
O H  . O H
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( + ) R. C * Ci/Np—^ H, Cj C• I ( - )  R.CHpCOOH where  R i s  n - 3 u - C -
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T h is  f a c t ,  i n  c o n j u n c t i o n  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  
c y c l i c  s y s t e m s ,  l e a v e s  no doub t  t h a t  t h e  Hofmann r e a c t i o n  a l s o  
a lways i n v o l v e s  r e t e n t i o n  of c o n f i g u r a t i o n .
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  c l o s e l y  r e l a t e d  
Hofmann r e a c t i o n  does, n o t  y i e l d  r e s u l t s  i d e n t i c a l  w i t h  t h e  
Schmidt  and  C u r t i u s  c h a n g e s ,  s i n c e  i n  t h e  fo r m e r  r e a r r a n g e ­
ment s l i g h t  r a c e m i z a t i o n  is  f o u n d  ( 8 5 ) ,  Kenyon and  Young 
(86) s u g g e s t e d  t h a t  t h i s  i s  due to  r a c e m i z a t i o n  of  t h e  amide 
and t h i s  p r o b a b l e  e x p l a n a t i o n  h a s  been  r e i n f o r c e d  by  th e  work 
o f  D e l e p i n e  and Badoch ( 1 0 2 ) ,  T hese  a u t h o r s  f o u n d  t h a t  
( + ) - h y d r a t r o p a m i d e  by  a c i d  h y d r o l y s i s  y i e l d s  ( + ) - h y d r a t r o p i c  - 
a c i d ,  b u t . b y  a l k a l i n e  h y d r o l y s i s  y i e l d s  d l - a c i d  t o g e t h e r
r
w i t h  h i g h l y  r a c e m i z e d  a m id e ,  and t h e y  s u g g e s t e d  t h a t  t h i s  was 
due t o  e n o l i z a t i o n  of  t h e  amide u n d e r  a l k a l i n e  c o n d i t i o n s .
Such c o n d i t i o n s  a r e  a l s o  p r e s e n t  i n  t h e  Hofmann 
r e a r r a n g e m e n t .
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_A_, I n t r o d u c t i o n ,
A f t e r  P a s t e u r  h a d  made t h e  f i r s t  and. f u n d a m e n t a l  
o b s e r v a t i o n s  o f  t h e  o p t i c a l  a c t i v i t y  o f  o r g a n i c  compounds i n  
1859 and  Le Bel .  and Van ft  H off  had i n t r o d u c e d ,  t h e  c o n c e p t i o n  
o f  t h e  t e t r a h e d r a l  symmetry o f  t h e  c a r b o n  atom ( 1 8 7 4 ) ,  t h e  
r o a d  was open  f o r  t h e . i n v e s t i g a t i o n  o f  a l l  k i n d s  o f  compounds 
which  c o n t a i n  a n  a sy m m e tr ic  c a r b o n  a tom.
I n  1886 ,  L ad en bu rg  (103) c a r r i e d  o u t  t h e  f i r s t  
r e s o l u t i o n  o f  a r a c e m ic  b a s e  when he  combined s y n t h e t i c  
c o n i i n e  w i t h  d - t a r t a r i c  ac id . ,  a n d  s e p a r a t e d  t h e  s t e r e o -  
i s o m e r i c  s a l t s  b y  f r a c t i o n a l  c r y s t a l l i z a t i o n .  S in c e  t h e n ,  
b a s e s  o f  v e ry  many k i n d s  and  s t r u c t u r e s  h ave  been  r e s o l v e d .
I n  g e n e r a l ,  c a m p h o r s u lp h o n ic  a c i d ,  a s  w e l l  as  brom - and
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c h lo r ~ c a m p h o r s u l p h o n ic  a c i d s ,  a r e  more s u i t a b l e  as  r e s o l v i n g  
a g e n t s  t h a n  t a r t a r i c  a c i d ,  p a r t l y  b e c a u s e  t h e s e  a c i d 3  a r e  
v e r y  h i g h l y  d i s s o c i a t e d  in  aqueous  s o l u t i o n ,  and t h e r e f o r e  
a r e  c o m p a ra b le  w i t h  m i n e r a l  a c i d s  in  t h e i r  a c i d i t y ,  and  
p a r t l y  b e c a u s e ,  u n l i k e  t a r t a r i c  a c i d ,  t h e y  a r e  m onobas ic  and  
t h e r e f o r e  do n o t  fo rm  two s e r i e s  o f  s a l t s .  Amongst t h e  o t h e r  
a c i d s  which  h a v e  b e e n  u se d  a t  one t i m e  or  a n o t h e r  t o  r e s o l v e  
b a s e s  m a y b e  m e n t io n e d  m a l i c  and 6 , 6  J- d i n i t r o d i p h e n i c  a c i d s  
( 1 0 4 ) ,
Many p r i m a r y  am ines  o f  t h e  t y p e  RqR^CHNHg h av e  b e e n
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s u c c e s s f u l l y  r e s o l v e d  by  t h e  method i n d i c a t e d  a b o v e ,  The 
o p t i c a l  p r o p e r t i e s  o f  t h e s e  s u b s t a n c e s  h ave  been  t h o r o u g h l y  
i n v e s t i g a t e d ,  a n d  Levene a n d  Marker  (105) have  compared t h e  
r o t a t i o n s  i n  homologous s e r i e s  of  a l i p h a t i c ■amines  w i t h  t h o s e  
o f  t h e  c o r r e s p o n d i n g  a l c o h o l s ,  A d e f i n i t e  c o n n e c t i o n  was 
f o u n d  t o  e x i s t  b e tw e e n  t h e  two t y p e s  o f  compounds. T h i s  
f a c t ,  t o g e t h e r  w i t h  t h e  p e c u l i a r  b e h a v i o u r  o f  t e r t i a r y  
a l c o h o l s  when t h e i r  r e s o l u t i o n  i s  a t t e m p t e d ,  b r o u g h t  up t h e  
q u e s t i o n  w h e th e r  i t  was p o s s i b l e  t o  r e s o l v e  t h e  amine 
a n a l o g u e  of  t e r t i a r y  a l c o h o l s ,  v i z ,  p r i m a r y  am ines  o f  t h e  
s t r u c t u r e  R^RgRsC.NHS.
Such amines  have  n o t  p r e v i o u s l y  been  o b t a i n e d  i n  an  
o p t i c a l l y  a c t i v e  fo r m ,  and i t  was d e c i d e d  t o  t r y  b o t h  d i r e c t  
an d  i n d i r e c t  methods o f  .r e s o l u t i o n ;
1* U sing  d - c a m p h o r s u l p h o n ic  a c i d  a s  t h e  r e s o l v i n g  
a g e n t ,  b o t h  s t e r e o i s o m e r i c  fo rm s  of  p h e n y l - p - t o l y l - ^ - ' .  
n a p h t h y l - m e t h y l a m i n e  were  o b t a i n e d  i n  an a p p a r e n t l y  o p t i c a l l y  
p u r e  c o n d i t i o n ,
2 ,  The i n d i r e c t  method c o n s i s t e d  in  c o n v e r t i n g  
o p t i c a l l y  a c t i v e  c{ - m e t h y l ~ o ( - p h e n y l - n - c a p r o i c  a c i d  i n t o  
c( -m e th y l~ c / -p h e n y l -n ~ a m y l~ a m in e  t h r o u g h  t h e  C u r t i u s  r e a c t i o n .  
The amine was o b t a i n e d  i n  an a c t i v e  f o r m .
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B , The R e s o l u t i o n  o f  phe n y l ~ p - t o l y l - o / ^ n a p h t h y l - m e t h y l a m i n e .
The o p t i c a l  r e s o l u t i o n  o f  p h e n y l ~ p - t o l y l - o ( - n a p h t h y l -  
m e th y lam in e  was c a r r i e d  out hy t h e  r e p e a t e d  f r a c t i o n a l  
c r y s t a l l i s a t i o n  o f  i t s  s a l t  w i t h  d « c a m p h o rsu l  p h o n ic  a c i d  
f rom  an aqueous  a l c o h o l i c  s o l u t i o n .
The d e c o m p o s i t i o n  of t h e  s a l t  w i t h  d e c i n o r m a l  aqueous  
sodium c a r b o n a t e  s o l u t i o n  y i e l d e d  f u l l y  o p t i c a l l y  a c t i v e  
p h e n y l - p - t o l y l - ^ - n a p h t h y l - m e t h y l a m i n e  which h a d  a m o le c u l a r  
r o t a t o r y  power [Mjp8=: -4 * 2 °  i n  ca rb o n  d i s u l p h i d e  s o l u t i o n .  
S i m i l a r l y ,  t h e  1 - c a m p h o rs u lp h o n ic  a c i d  l e d  to  t h e  i s o l a t i o n  
of  t h e  (+ ) - a m in e  w i t h  t h e  same m ag n i tu d e  of  r o t a t o r y  pow er ,  
The r e c r y s t a l l i s a t i o n s  o f  t h e  v a r i o u s  c r o p s  o f  s a l t  
c o u ld  n o t  be  c a r r i e d  o u t  in  b o i l i n g  a q u e o u s  a l c o h o l  as 
u n d e r  t h e s e  c o n d i t i o n s  t h e  amine was f o u n d  to  r e a c t  i n  t h e
t ' ;
p r e s e n c e  of  t h e  a c i d  a n d  g i v e  r i s e  t o  t h e  c o r r e s p o n d i n g  
a l c o h o l .  I t  was a l r e a d y  known t h a t  t r i p h e n y l m e t h y l a m i n e  on 
b o i l i n g  w i t h  d i l u t e  a c i d s  gave t r i p h e n y l c a r b i n o l  ( 1 0 6 ) ,
C, The P r e p a r a t i o n _ o f  A c t iv e  oj-m ethy  1 ~pheny 1 - n - a m y la m in e , 
S in c e  o n l y  s m a l l  amounts  o f  c^ -m e th y l -q f -p h e n y l -n -  
amylamine were a v a i l a b l e ,  i t  was n o t  a t t e m p t e d  t o  r e s o l v e  
t h i s  amine by  d i r e c t  m e th o d s .  I n s t e a d ,  o p t i c a l l y  a c t i v e  
c Z - m e th y l - c ^ -p h e n y l -n -c a p ro y l  c h l o r i d e  was s u b m i t t e d  to t h e  
C u r t i u s  r e a r r a n g e m e n t  a n d  a s  e x p e c t e d  ( s e e  c h a p t e r  I I ,  
s e c t i o n  E4) t h i s  r e s u l t e d  in  t h e  f o r m a t i o n  o f  o p t i c a l l y  -
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a c t i v e  - m e t h y l - o / - p h e n y l - n - a m y l a m i n e * I t  was found, t h a t  t h e  
r e a c t i o n  t o o k  p l a c e  w i t h  change  of s i g n .
T h is  phenomenon was a l s o  o b s e r v e d  when o p t i c a l l y  a c t i v e  
amine was c o n v e r t e d  i n t o  i t s  b e n z o a t e  b y  t h e  S c h o t t e n -  
Baumann p r o c e d u r e ,  and  when i t  was d i s s o l v e d  i n  0 ,5 N ,  HOI, 
a l l  r e a d i n g s  b e i n g  t a k e n  i n  sodium l i g h t .
O p t i c a l  d a t a  f o r  t h e  a c t i v e  c{-methyl-c (-phQ nyl-n^  
amylamine and  f o r  a c t i v e  o / - m e th y l - c ( -p h e n y l~ n ~ c a p r o ic  a c i d  a r e  
g i v e n  i n  t a b l e  I I ,
The r e s o l u t i o n  of  t h e  <y*-methyl~o^~phenyl-n-caproic  a c i d  
was c a r r i e d  o u t  by  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  i t s  q u i n i n e  
s a l t  i n  a q u e o u s  a l c o h o l ,  T h is  y i e l d e d  f u l l y  a c t i v e  a c i d  
w i t h  a s p e c i f i c  r o t a t o r y  .power = +T?*3° (hom ogeneous) ,
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IV * THE d ea min ation  of a l i p h a t i c  primary  aMi n e s ,
I t  h a s  be en  known f o r  many y e a r s  t h a t  p r i m a r y  a l i p h a t i c  
amines  a re  c o n v e r t e d  h y  n i t r o u s  a c i d  i n t o  a l c o h o l s ,  n i t r o g e n  
b e i n g  e v o l v e d ,  b u t  t h e  e x a c t  m echanism  o f  t h e  r e a c t i o n  has  
n o t  so f a r  been  f u l l y  e l u c i d a t e d .
The d e a m i n a t i o n  can  b e  r e p r e s e n t e d  b y  t h e  f o l l o w i n g  
e q u a t i o n ,  a l t h o u g h  th e  a c t u a l  mechanism i s  u n d o u b t e d l y  more 
complex •
R.NHg + OjN.OH — —> R,OH + +. HgO
The a l c o h o l  i s  n o t  a lw ay s  t h e  main p r o d u c t  of t h e  
r e a c t i o n ;  a c e r t a i n .amount o f  o l e f i n  i s  v e r y  o f t e n  f o r m e d ,  
and  p r o f o u n d  changes  i n  t h e  s t r u c t u r e  of t h e  m o le c u l e  may 
t a k e  p l a c e .  T h u s ,  Henry  (107) f o u n d  t h a t  n ~ p ro p y la m in e  
CH3 CH2CH2NH2 g i v e s  42% o f  n - p r o p y l  a l c o h o l  CH3 CH2 CH20H 
and 58% o f  i s o p r o p y l  a l c o h o l  CH^CHOH,CH^,
The o u t s t a n d i n g  f e a t u r e  i n  t h e  p u b l i s h e d  e x p e r i m e n t a l  
d e t a i l s  i s  t h a t  t h e  r e a c t i o n  b e tw ee n  p r im a r y  a l i p h a t i c  
amines  and n i t r o u s  a c i d  i s  v e r y  s lo w  a t  o r d i n a r y  
t e m p e r a t u r e s  and r e q u i r e s  h e a t .  F u r t h e r ,  e x c e s s  n i t r o u s  
a c i d  an d  no e x c e s s  m i n e r a l  a c i d  s h o u l d  be  p r e s e n t .  T h i s  i s  
i n  d i r e c t  c o n t r a s t  w i t h  t h e  d i a z o t i s a t i o n  of p r i m a r y  
a r o m a t i c  a m in es .  I t  h a s  a l s o  b e e n  shown t h a t  t h e  r e a c t i o n  
b e tw e e n  a l i p h a t i c  amines  a n d  n i t r o u s  a c i d  i s  o f  t h e  t h i r d  
o r d e r  (108)« i t  i s  n o t  a s im p le  d e c o m p o s i t i o n ,  b u t  t h e  
v e l o c i t y  v a r i e s  a s  t h e  p r o d u c t  (RNH3 + ) (NO?*) (HH02 ) , —
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H ucke l  and W i l ip  (109) s u g g e s t  t h a t  when an a l i p h a t i c  
p r i m a r y  amine  i s  t r e a t e d  w i t h  n i t r o u s  a c i d ,  a d i a z o n iu m  
compound i s  f i r s t  f o rm e d ,  a s , i n  t h e  a r o m a t i c  s e r i e s ,  h u t  
w hich  i n  t h i s  c a s e  i s  v e r y  l a b i l e .  I t s  c a t i o n  l o s e s  
n i t r o g e n  and t h e  r e s i d u a l  c a t i o n  ( w i t h  t h e  p o s i t i v e  c h a r g e  
on t h e  c a rb o n  atom) r e a c t s  e i t h e r  w i t h  w a t e r  l e a d i n g  t o  t h e  
f o r m a t i o n  o f  a n / a l c o h o l  and a h y d ro g e n  i o n ,  o r  i t  l o s e s ,  
s p o n t a n e o u s l y  o r  by c o l l i s i o n  w i t h  a w a t e r  m o l e c u l e ,  a 
p r o t o n  a t  t h e  a d j a c e n t  c a rb o n  a tom ,  i n  which  c a s e  an  o l e f i n  
i s  f o r m e d .  F i n a l l y ,  t h e  c a t i o n  c a n  a t t a c h  i t s e l f  t o  t h e  
a n io n  o f  an  o r g a n i c  a c i d  which  may b e  p r e s e n t  ( e . g ,  a c e t i c  
a c i d ) ,  t o  y i e l d  an e s t e r .
A l l  t h e  r e s u l t s  p u b l i s h e d  so f a r  i n  c o n n e c t i o n  w i t h  t h e  
d e a m i n a t i o n  o f  p r i m a r y  a l i p h a t i c  amines  r e f e r  o n l y  t o  mono- 
and d i s u b s t i t u t e d  m e t h y l a m in e s , T here  i s  no d i r e c t  i n f o r m a ­
t i o n  on how amines  of t h e  t y p e  p r e p a r e d  I n  t h e  p r e s e n t  
e x p e r i m e n t s  (RpR^RgG,Mg) would  r e a c t  w i t h  n i t r o u s  a c i d .
Of t h e  two o p t i c a l l y  a c t i v e  amines  w h ic h  h ave  now been '  
p r e p a r e d ,  o / - .m ethy l-c /~pheny l-n -am ylam ine  was n o t  o b t a i n e d  i n  
s u f f i c i e n t  q u a n t i t y  f o r  d e a m i n a t i o n .  P h e n y l - p - t o l y l - o ( -  
n a p h t h y l - m e t h y l a m i n e ,  w h ich  i s  c o m p a r a t i v e l y  r e a d i l y  
p re p a re d . ,  a l s o  h a s  t h e  a d v a n ta g e  o f  h a v i n g  t h r e e  a r y l  g ro u p s  
d i r e c t l y  a t t a c h e d  t o  t h e  a sy m m e tr ic  c a r b o n  atom w hich  makes 
i t  l e s s  l i k e l y  t o  g iv e  r i s e  t o  b y - p r o d u c t s  o f  t h e  t y p e s  
i n d i c a t e d  a b o v e ,  ^
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The e x p e r i m e n t a l  p r o c e d u r e  u sed  c o n s i s t e d  i n  . r e f  l u x i n g  
a known amount o f  amine h y d r o c h l o r i d e  w i t h  t h r e e  
e q u i v a l e n t s  of  sodium n i t r i t e  in  e i t h e r  w a t e r  o r  a m ix tu r e  
of  w a t e r  and  an o r g a n i c  s o l v e n t  a s  r e a c t i o n  medium. Care was 
t a k e n  n o t  to  h e a t  t h e  s o l u t i o n  of t h e  am ine  h y d r o c h l o r i d e  
u n t i l  t h e  sodium n i t r i t e  h a d  b e e n  a d d e d  i n  v iew o f  t h e  
p r o p e r t y  o f  t r i a r y l m e t h y l a m i n e s  t o  r e a c t  on b o i l i n g  w i t h  
d i l u t e  s o l u t i o n s  o f  s t r o n g  a c i d s  t o  g i v e  t h e  c o r r e s p o n d i n g  
a l c o h o l  ( 1 0 6 ) ,  The c ru d e  p r o d u c t ,  o b t a i n e d  i n  a p p r o x i m a t e l y  
10% y i e l d  was f o u n d  to b e  e x t r e m e l y  d i f f i c u l t  t o  p u r i f y ,  
d e s p i t e  t h e  a p p l i c a t i o n  o f  most  o f  t h e  u s u a l  p h y s i c a l  and  
c h e m ic a l  m ethods o f  p u r i f i c a t i o n .  The p h e n y l - p - t o l y l - o < -  
n a p h t h y l  c a r b i n o l  was, h o w e v e r ,  o b t a i n e d  in  an a n a l y t i c a l l y  
p u re  f o r m .
When t h e  r e a c t i o n  was c a r r i e d  ou t  on o p t i c a l l y  a c t i v e  
p h e n y l - p r t o l y l - ^ - n a p h t h y l - m e t h y l a m i n e ,  t h e  r e s u l t i n g  a l c o h o l  
showed no s i g n  o f  o p t i c a l  a c t i v i t y .
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V• SUMMARY of schemes of  s y n t h e s i s  i n  presen t  ex p e r im e n t s  
Af t e r  e l i m i n a t i o n  of  m ethods w h ich  h a d  a p p e a r e d  
u n p r o m is in g ,  e i t h e r  by  r e f e r e n c e  to  t h e  l i t e r a t u r e  o r  a s  t h e  
r e s u l t  o f  p r e l i m i n a r y  e x p e r i m e n t s ,  a n u m b e r .o f  p r e p a r a t i v e  
r o u t e s  were i n v e s t i g a t e d  i n  d e t a i l ,  and t h e s e  a r e  sum m arised  
be low  (T ab le  I ) ,  Two of them y i e l d e d  t r i s u b s t i t u t e d  
m e t h y l a m in e s ,  v i z ,  p h e n y l - p - t o l y l - o / - n a p h t h y l  m e th y lam in e  
and o / -m e th y l -o / -p h e n y l -n -a m y la m in e ,  a n d  b o t h  t h e s e  am ines  were 
o b t a i n e d  i n  a n  o p t i c a l l y  a c t i v e  f o r m ,
A t h i r d  amine o f  t h e  same g e n e r a l  t y p e ,  b u t  w i t h  two o f  
t h e  a l p h a  s u b s t i t u e n t s  i d e n t i c a l  ^ - p h e n y l - i s o p r o p y l a m i n e )  
was a l s o  p r e p a r e d .
O p t i c a l  d a t a  f o r  t h e  two a c t i v e  am ines  and  some o f  
t h e i r  d e r i v a t i v e s  was c o l l e c t e d  a n d  i s  g i v e n  i n  T a b l e  I I ,
I n  a d d i t i o n  t h e  a c t i o n  o f  n i t r o u s  a c i d  on o p t i c a l l y  
a c t i v e  p h e n y l - p - t o l y l - c ^ - n a p h t h y l  m ethy lam ine  was 
i n v e s t i g a t e d .
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N o t e s ;
TABLE I .
Compounds marked w i t h  * have  no t  *been r e c o r d e d  
p r e v i o u s l y *
y = y i e l d ,
I ,  1 ,  P r e p a r a t i o n  o f  q( - m e th y l . - 4 - p h e n y l - n - o a p r o i c &oi d .
PhCHgCN 
NaNHc
Me
/
Me^SO^ 
CHCN
Ph/
[ NaNH2 
n-BuBr
Me_
h-Bu-CCN
4  alc.KOH 
Me
n-Bu^CCOOH
y=59$
y = 7 l^
y=65 %
2.  Schmidt  r e a c t i o n .  
Me^_^
n-BulCCOOH
P h ^
NaNg 
H2 S04
PhNHg + 
G6H12
y=55$
b , p .
114°/ l6mm,
fc.P.
147°/ l6mm.
to.P. , 
157°/ l4mm.
"b.P.
157°/ l4mm,
A n a l y s i s  
Pound C a lc d .
C 8 3 .2  C 83 .
H 9 , 1 9  H 9 . 1
N 7 .6 4  N 7 .4 8 $
e q u i v .  e q u i v ,  
1 6 5 .6  1 6 4 .2
tQ 
iO
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3 ,  Curt i us r e a c t i o n .
Me ^  . b . P
Me^ ^
n « B u 5  CO OH 157 / 1 4  mm,
P h ^ "
4. SOpClo
Me-.  ^ v , fe.P.
n-Bu-(COCl v y -8 9 #  123° / l8m m .
Ph'"'^" 
v i a  
a z i d e
m . p .
144-147°n-Bu>CNHp,HCl *
P h ^  ~
+ ' S  7=2*7%
M e \  b . p ,
n-BulCKHp * /  127°/ l8mm,
P h ^ "  J
PhCOCl ■
NaOH
Me. m .p .
n-Bu-CNH, COPh * 146-147
P h ^
o
Me
Me-CGOOH
Phx
/ v i a  c h l o r i d e ^  
■4' and  a z i d e  
Mex
Me-CNHp
Fh"
Mes -
Me-CCONHp <r
.  /  (Z tP h /
■b*P.
95°/ l8mm,
m .p ,
158°
A n a l y s i s  
Pound G a lcd ,
e q u i v ,  e q u i v ,  
228 225
Cl 1 6 . 5  Cl 1 6 .1 #
C 8 0 .9  C 8 1 , 0
H 8 . 5  H 8 . 2
N 4 . 9  N 4 ,9 #
C 7 9 , 8  G 7 9 . 9
H 9 ,5  H 9 .7
N 1 0 ,8  N 1 0 ,5 #
G 7 4 . 1  G 7 3 ,6
H 7 , 3  H 8 . 0
N 8 , 7  N 8 . 6 #
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4, Hofmann reaction.
Analysis 
, Pound Calcd,
M©\ b.P. '
n-Bu-CCOOH 157°/X4mm.
Ph.-''
S02C12,'
4- UH4.0H
Me^ b.p - G 75.6 C 76.0
n-Bu'-CCONHp * 137 /15mm, H 8.8 H 9.3
Ph"" H 6.5 H 6.8/
4 HaOCl
Me\
n-Bu-CMg * '
Ph-^
II, 1, Preparation of phenyl-p-toIyl-o(-naphthyl methylamine.
P-CH3 C6H4 COC6H5 + 
o(-CioHyBr 
4 G r i g n a r d
C6H5 m.p,
p-CyHy^COH 109°
^ S i V s
Gq K r m.p.
p-CyHn^CCl y=35%(fr# 142°
W-G1 0 % '  ■ k e t o n e )
1 KHS gas
CfiHu m.p. G 89,1 C 89,1
p-C^H^CNHo * y=81$ 127-128° H 6,51 H 6.55
Y~G10^7 N 4.17 N 4.33^
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2 ,  P r e p a r a t i o n  o f  ^ - m e t h y l -o f- e t h y l - n ~ a m y l  c h l o r i d e .
Me.CO.Et + 
n-BuBr 
+ G r i g n a r d  
Me
Et ~ C, OH 
n -B u /
4, HC1 g a s  
Me N
Et — c . C l  ------
n-Bu' '
a q .  NaGN o r  
' 0 ,8 8 0  HH40H
e s,Et  C ,0H 
n - 3 u 7 *
y -6 2 #
b . p
160-162°
b . p .
55°/ l5mm,
NaNHo, 
d r y  M'z,
Mg o r  5 
K - p h t h a l i m i d e  
no r e a c t i o n ,
3 ,  P re p a r a t i o n  o f  W -m eth y l - ^ - p h e n y l - n - a m y l  c h l o r i de
Me.CO.Ph + 
n-BuBr 
4- G r i g n a r d  
Me
n-Bu-G.OH y~bb%
Ph ^
^ HC1 gas  
Mev^
n -B u -C .C l  -------
Ph ^
, a q ,  NaCN o r  
4- 0 ,8 8 0  NH4 0H 
M e ^
n-3u-G .0H  
P h / '
b . p .
164-7  /27mm.
b . p ,
115 /13mm.
NaNHg, 
d r y  MH*z,
Mg o r
K - p h t h a l i m i d e  
no r e a c t i o n
A n a l y s i s  
Pound C a lc d ,
Me v
n-Bu-C,OH 
Ph ^  
i MeOH 
v  H2 SO4 .
Me v b . p .
n-Bu-C,OMe y=65% 130°/27mm. 1
Ph / "
, Na-K,
4  C02 
Me ^
n -B u -C . COOH. y=25%
P h / "
I I I .  1 ,  P r e p a r a t i o n  of  d - methy  1 - 0/ ~b e nz y 1 - n -  c a p r  o phe no n e .
CH3 GH2 COC6 H 5  
j NaMg 
*  PhCHgGl '
C6H5CH2'
, N a m
b . p .
I81° /I0mm
G 8 5 . 7  G 8 5 .7
E 7 .4  I-I 7.2%
c h 5  x
h-Bu — C,G0G6H5 v 
OgHcCHg/ * y=30%
b . p ,
192-5^13mm
C 8 5 ,2  C 8 5 ,6
H 8 , 1  H 8.6%
I NaNHo
w a t e r
no r e a c t i o n
2 ,  o f  ^ »miethyl-of ~ e t h y l ~ n ~ c a p r o ph.en o ne ,
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CH3CH2 C0C 6 H5
m m .2
n-BuBr
CHS
CHC0C6 H5\
n -B u /
, NaNHp ~
J  E t I  
CH3n
C2H5-C , OOCgHg 
n-Bu^
, NaHHg /
4- w a t e r  
CH3S,
C2H 5 -C .C 0 M 2
n -B u /
+
C6H5.C0NH2
y=58$
J=59%
J=5Q%
t r a c e
b , p .
123°/23mm,
"b.p.
140°/ l3mm.
b . p .
145°/ l6mm,
A n a l y s i s  
Pound C a lc d .
C 8 2 ,9  
H 1 0 ,0
C 8 2 .5  
H 1 0 . 1%
,N 6 , 7 6  N 6.83%
D e a m in a t io n  o f  p h e n y l ~ p ~ t o l y l n > / - n a p h t h y l - m e t h y l a m i n e .
C6 % v .  
p-CyHy-U, HHg
o( -C 10H7 /
HNO
r 2
° 6 h 5 \  
P - C 7 H7 - C . O H
c^ ~‘C10H7 /
m tp.
127-128 0
m.p.
109
0 8 8 ,' 
H 6 ,
C 8 8 .7  
H 6.4%
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TABLE I I .
O p t i c a l  D a t a •
Me I
n - B u - G , C O O H  ( 
P h /  (
H o m o g . C<
1 5
D
+ 1 7 . 3 ( 1 = 0 . 5  d m . )
i n  e t h e r 1 5  _ D + 1 1 , 6 ( c = l j g ;  1 = 2 d m , )
It rn 15 =
~ ' J 5 4 6 1
+ 1 ^ .  8 H
i n  CSg c l  j
1 7  = ■
D
+ 2 1 . 4 tt
rn  17 =
i y j 5 4 6 X
+ 2 6 . 0 tt
i n  CSp 
1
H
1 8  = 
E
+ 6  .  3 tt
Me \  
n - B u - C . N H o  
P h / "
4
H o m o g . ----- 1J?J 1 6  =D ^ - 1 . 3 2 ( 1 = 0 , 5  d m .
" !
■n 1 6  „
-----  5 4 6 1
- 1 , 6 6 M
i n  e t h e r
H 'd  =
- 1 . 2 ( c = l $ ;  1 = 2 d m , )
tr
r a  4  =— —‘5 4 6 1
>-1 ^ 3 1?
i n  CSg f-0
1 7  _
D
- 2 . 3 tt
i n  H/ 2  HG1 r  —i l 6 _d ' ~fZJ D + 0 , 3 tt
Me \  
n - B h - C . N H C O P h  
P h ' '
*
i n  C~Hc 6 6
18
D
+ 3 , 5 ( c = l j g j  1 = 2 d m . )
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% h 5\
p~ch 3 . c 6h 4 ~ c . m 2
^*“G1 0 H7 V CS2 |~c<
nl7
D
*(+)  and ( - ) 1 , 3  
a c t i v e  
( e = 3 ,7 $ ;  1=2 dm,
in  CS2 P / J
I
17
D
-  + 1 , 0
1 17C6H5 np-CH3 , CfiH4 -rC. BHoHCl( i n  w a t e r  i , ,
- -  ■ ( L J  D
( i n  N/XO H C lf l i  117 
L D
« - C lO H7 /
= + 1 ,5
= + 1 ,3
D i s p e r s i o n  R a t i o s ,
Me v 
n-Bu-G,GOOH 
P h '
i n  e t h e r  1 . 6 8
Me v 
n-Bu-C.C0G1 
P h /
i n  GS2 2 . 0
Me v 
n-Bu-G.NH 
■ P h /
2 homog, 2 , 0
f u l l y
)
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1 .  I n t r o duc t i o n ,
Prom two p o i n t s  o f  v iew ,  ( a )  t h e  r e l a t i o n  b e tw ee n  
c h e m ic a l  c o n s t i t u t i o n  a n d  r o t a t o r y  power, and (b)  t o  
a s c e r t a i n  w h e th e r  i t s  c a r b o x y l i c  e s t e r s  u nd e rg o  h y d r o l y s i s  b y  
a c y l -  o r  a lkyl-oxygen f i s s i o n ,  an  a t t e m p t - w a s  made t o  r e s o l v e  
a c e n a p h t h e n o l  i n t o  i t s  o p t i c a l l y  a c t i v e  f o r m s .
A l th o u g h  t h i s  s e c o n d a r y  a l c o h o l  y i e l d e d  a c r y s t a l l i n e  
a c i d  p h t h a l i e  e s t e r  and  a l s o  a h y d r o g e n  s u c c i n i c  e s t e r ,  t h e  
a t t e m p t  f a i l e d  b e c a u s e  n e i t h e r  o f  t h e s e  e s t e r s  c o u ld  be  
i n d u c e d  t o  g iv e  a c r y s t a l l i n e  s a l t  w i th  a n y  o f  t h e  more 
u s u a l l y  employed  a l k a l o i d s ,  - - L$ ^  / )  '
A number o f  new d e r i v a t i v e s  o f  a c e n a p h t h e n o l  a r e  
d e s c r i b e d ,  sb u t  i t  was f o u n d  t h a t  c e r t a i n  r e a c t i o n s  -which t h e  
a l c o h o l  i t s e l f  and  some of  i t s  s i m p l e r  d e r i v a t i v e s  m ig h t  be
e x p e c t e d  t o  undergo  d i d  n o t  i n  f a c t  t a k e  p l a c e  b e c a u s e  o f  t h e
\
g r e a t  t e n d e n c y  o f  t h e s e  compounds t o  p o l y m e r i s e  i n  t h e  
p r e s e n c e  of  a c i d i c  r e a g e n t s .  The f o r m a t i o n  o f  
p o l y a c e n a p h t h y l e n e  u n d e r  t h e s e  c o n d i t i o n s  i s  d i s c u s s e d  i n  
c h a p t e r  I I ,
The f a c t  t h a t  t h e  h y d r o g e n  p h t h a l i c  e s t e r  o f  
a c e n a p h t h e n o l  does  n o t  a p p e a r  t o  r e a c t  w i t h  so d iu m  p - t o l u e n e  
s u l p h i n a t e  seems t o  i n d i c a t e  t h a t  i n  t h s  h y d r o l y s i s  o f  t h e  
e s t e r  a l k y l - o x y g e n  f i s s i o n  d oes  n o t  t a k e  p l a c e  r e a d i l y ,  i f  
a t  a l l ;  o t h e r w i s e ,  t h e  s u l p h o n e  w ou ld  have  f o r m e d ,  a c c o r d i n g  
t o  t h e  f o l l o w i n g  r e a c t i o n  •
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- C O O - R  X X - C O O N a
- C O O N a  + p - C H 3 . C 6H4 , S 0 2 , N a ----- } I l - C O O N a
+ p - C H 3 , C 6H4 , S 0 2 f R
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I I , Forma t i o n o f  P o l y a c e n a p h t h y l e ne d u r i n g  t h e  a t t e m p t e d
A c y l a t i o n  o f  Acenap h t h e n o l ,
Under t h e  c o n d i t i o n s  i n d i c a t e d  i n  t h e  f o l l o w i n g  scheme,  
i n  a l l  o f  which a c e n a p h t h e n o l  was r e a c t e d  w i t h  r e a g e n t s  
e x p e c t e d  t o  e f f e c t  a c y l a t i o n ,  p o l y a c e n a p h t h y l e n e  was fo rm ed;
PhCOCl a t  90°C, (X)
CHg-CHOH
(PhGO)gO i n  h o t  CgHg (2)
H3r s o l u , , 75°C, (4) )>-
\ 0  a n h y d r ,  HCOOH (5)
/  :   :— ^
GO e x c e s s  c o l d  CH^COCl (6 )
CH2 . CH. 0.# C070 5-U 4 , G 0 OH
HC1 (7)
(CH„,C0)o0 HC1
A * CH2 -GH,0,G0,GH3----- ---------------------
K
i&)7
I n  r e a c t i o n s  3, 4 ,  7 and 8,HG1 o r  HBr was o r i g i n a l l y  
p r e s e n t  and i n  so f a r  as t h e  c o r r e s p o n d i n g  e s t e r  was i n i t i a l l y  
fo r m e d ,  HG1 was g e n e r a t e d  i n  r e a c t i o n s  1 a n d  6 . I n  r e a c t i o n s  
2 and R, b e n z o i c  a c i d  was g e n e r a t e d  a n d  f o r m i c  a c i d  was 
p r e s e n t ,  r e s p e c t i v e l y ,
D o l i n s k i  a n d  D z ie w a n sk i  (65) o b t a i n e d  a po lym er  o f  
(n u m b e r - a v e r a g e ) M.W. 760 f r c m  a c e n a p h t h y le n e  b y  h e a t i n g  - y
t h e  l a t t e r  w i t h  a c e t i c  a c i d - c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
m i x t u r e ,  t h u s  e s t a b l i s h i n g  t h e  a c i d - c a t a l y s e d  p o l y m e r i s a t i o n  
of  a c e n a p h t h y l e n e .
The mechanism o f  t h i s  p o l y m e r i s a t i o n  i s  c o n s i d e r e d  t o  
be  t h a t  g e n e r a l l y  a c c e p t e d  f o r  a c i d - c a t a l y z e d  p o l y m e r i s a t i o n  
o f  o l e f i n s  ;
CH = GH
(+) no te*  p r e f e r r e d  f o r m u l a t i o n  i s
Q
+ H — ^
CH2 -  CH
A  j Q
GH — CH
© ' +)
CHg-.OH CH=CH
+
CHP-CH - CH - CH
C  X
1 r e p e a t e d l y
The end o f  t h e  c h a i n  may o c c u r  t h r o u g h  e j e c t i o n  o f  a 
p r o t o n ,  r e a c t i o n  w i t h  HgO o r  w i t h  a n  a n io n  X~, g i v i n g  
r e s p e c t i v e l y
- CH-CH(OH) -  CH-CHX-  C = CH
A  x
+ H + H + H
R e v e r t i n g  to  t h e  r e s u l t s  which  h a v e  now b e e n  o b t a i n e d ,  
t h e  r e a c t i o n  o f  a c e n a p h t h e n o l  w i t h  HC1 i s  c o n s i d e r e d  t o  t a k e  
t h e  f o l l o w i n g  c o u r s e  (Mechanism A) •
R e a c t i o n  b e tw e e n  a c e n a p h t h y l e n e  ( I I )  and i t s  p r o t o r a t e d  
d e r i v a t i v e  ( I )  y i e l d i n g  p o l y a c e n a p h t h y l e n e  by  th e  mechanism 
above can  t h e n  p r o c e e d .
The f o r m a t i o n  o f  t h e  po lym er  a p p e a r s  to b e  i r r e v e r s i b l e  
and t h e  above  e q u i l i b r i a  w i l l  b e  p r o g r e s s i v e l y  d i s p l a c e d  In  
t h e  r e q u i r e d  d i r e c t i o n s .
The same a rgum en ts  i n  a l l  p r o b a b i l i t y  a p p l y  t o  t h e  
r e a c t i o n  o f  a c e n a p h t h e n o l  w i t h  h y d ro b ro m ic  a c i d .
Fo r  t h e  r e a c t i o n  o f  t h e  a c e t a t e '  and  h y d r o g e n  p h t h a l a t e  
w i t h  HOI t h e  f o l l o w i n g  mechanism (B) i s  p r o p o s e d  *
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H
ch2 - ch , o , co , r
H-0
chq- ch- o- c- r
+ HCl
OP
<s>
c l
CHo-CH-O-COR
+ 01
©
ch2 - ch
CH=CH
G
HO , CO', R + Cl
f o l l o w e d  b y  ( i r r e v e r s i b l e )  p o l y m e r i s a t i o n  be tw een  ( I )  and  
( I I ) , w i t h  c o r r e s p o n d i n g  d i s p l a c e m e n t  o f  e q u i l i b r i a .
I n  r e a c t i o n s  1 a n d  6 a b o v e ,  e s t e r i f i c a t i o n  w i t h  
f o r m a t i o n  of  HCl h a v i n g  p r o c e e d e d  t o  s a n e  e x t e n t ,  mechanisms 
A and 3 may b o t h  o p e r a t e .  The same a p p l i e s  to  2 ,  w i t h  
b e n z o i c  a c i d  a s  t h e  c a t a l y s t  h i t h e r t o  s u p p l i e d  by HCl,
F i n a l l y ,  w i t h  a n h y d ro u s  f o r m i c  . a c i d ,  mechanism A i s  
a p p l i c a b l e  w i t h  HCl and Cl" r e p l a c e d  b y  HGOOH and HGOO". 
P o i n t s  a r i s i n g  a r e  •
n
a)  The f o r m u la  HO-f -CH -  CH- -OH i s  u n l i k e l y  f o r  t h e
A. _x '  \  p o ly m e r ,  and . .hence t h e
J
e x c e l l e n t  f i t  o f  t h e  
m o l e c u l a r  w e ig h t  a n d  a n a l y s i s  ( s e e  e x p e r i m e n t a l  s e c t i o n )  may 
be f o r t u i t o u s .  A l t e r n a t e l y ,  t h e r e  m a y b e  tw o  oxygen a to m s ,  
p e r  po ly m er  m o l e c u l e ,  b u t ' h o w  i s  n o t  c l e a r .
b) The f a c t  t h a t  t h e  po lym er  was n o t  g i v e n  by  
a c e t i c ,  p h t h a l i c  and  s u c c i n i c  a n h y d r i d e s  m a y b e  d u e  t  
e i t h e r  t h e  w e ak n e ss  o f  t h e  c o r r e s p o n d i n g  a c i d s  o r  t h e  
s t a b i l i t y  o f  t h e  e s t e r s  a g a i n s t  m echanism  B,
E X P E R I M E N T A L
S E C  T I  0 N .
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I ,  From T r i s u b s t i t u t e d  a c e t i c  a c i d ,
1» Pre p a r  a t  ion  o f  cj - m e t h y l - ^ - p h e n y l - n - c  a p r o n i t r i  1 e ,
( i )  A s u s p e n s i o n  o f  sodamide ( 4 7 g . )  i n  d r y  ' e t h e r  was 
g r a d u a l l y  added  t o  a s o l u t i o n  o f  r e d i s t i l l e d  b e n z y l  c y a n fd e  
(1 4 0 g , )  i n  e t h e r  (100 c , c . )  and t h e  m ix t u r e  h e a t e d  u n d e r  
r e f l u x  f o r  t h r e e  h o u r s ,
A d a r k  r e d  h e t e r o g e n e o u s  m ix tu r e  was o b t a i n e d .  I t  was 
c o o l e d  i n  i c e ,  a n d  d i m e t h y l  s u l p h a t e  (170 g , )  added  
g r a d u a l l y .  A f t e r  t h e  m i x t u r e  had  been  s t i r r e d  f o r  s e v e r a l "  
h o u r s ,  w a t e r  was added  and  t h e  e t h e r e a l  l a y e r  s e p a r a t e d  and  
d r i e d  o v e r  sodium s u l p h a t e .
The s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e .  The h y d r a t r o p d n i t r i l e  d i s t i l l e d  a t  
1 1 4 ° / l 6  mm.
Y i e l d  • 92 g ,  (59% t h e o r , ) ,  *
( i i )  To a m i x t u r e  of  h y d r a t r o p o n i t r i l e  (79 g , )  and n - b u t y l  
b ro m id e  (85 g , )  in  d r y  b e n z e n e  (100 c , c , )  was a d d ed  a 
s u s p e n s i o n  o f  sodam ide  ( 2 4 ,5  g , )  in  the- same s o l v e n t ,  A 
s t r o n g l y  e x o th e r m i c  r e a c t i o n  i m m e d ia te ly  s t a r t e d ,  w i t h  
' e v o l u t i o n  o f  ammonia. The r e a c t i o n  m i x t u r e  was h e a t e d  on a 
s t e a m - b a t h  and s i m u l t a n e o u s l y  s t i r r e d  f o r  s e v e r a l  h o u r s .  
When no f u r t h e r  e v o l u t i o n  of  ammonia, c o u ld  be  o b s e r v e d ,  
w a t e r  was a d d e d .  The b e n z e n e  l a y e r  was r e p e a t e d l y  washed-;
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w i t h  w a t e r ,  t h e n  d r i e d ,  and f i n a l l y  t h e  s o l v e n t  was removed 
hy  e v a p o r a t i o n ,  The ’© / - m e t h y l - ^ - p h e n y l - n - c a p r o n i t r i l e  
d i s t i l l e d  a t  147°/ l6mm,
Y i e l d  . 80 g .  (71$ t h e o r . ) ,  Pound* . 0 , 8 3 . 2 ;  H , 9 , 1 9 ;  
N ,7 ,6 4 ;  C13 H17 N r e q u i r e s  .c’, 8 3 . 3 ;  H , 9 , 1 5 ;  N ,7 ,4 8$ , .
2 , P r e p a r a t i o n o f  o/~methy l - ^ - p h e n y l ~ n - c a p r q i c a c i d .
a )  The n i t r i l e  (5 g , )  was a d d e d . t o  a m ix t u r e  cf w a t e r  
( 3 , 1  c . c . ) ,  g l a c i a l ,  a c e t i c  a c i d  ( 3 ,7  c . c , )  and  c o n e ,  
s u l p h u r i c  a c i d  ( 4 , 1  c , c , ) .  No r e a c t i o n  t o o k  p l a c e  i n  t h e  
c o l d ;  on warming t h e  s o l u t i o n ,  d a r k e n i n g  r a p i d l y  t o o k  p l a c e  
and p r o f o u n d  d e c o m p o s i t i o n  a p p e a r e d  t o  o c c u r ,
b )  A s m a l l  amount o f  t h e  n i t r i l e  was k e p t  on a s t e a m - b a t h  
f o r  s e v e r a l  d a y s  i n  p r e s e n c e  on e x c e s s  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d ,  b u t  no h y d r o l y s i s  o c c u r e d .  Nor was t h e  
s u b s t a n c e  h y d r o l y s e d  when the  h y d r o c h l o r i c  a c i d  was 
r e p l a c e d  by  p h o s p h o r i c  a c i d ,  ’
c) 17 g ,  o f  t h e  s u b s t i t u t e d  c a p r o n i t r i l e  were  d i s s o l v e d  i n  
a h o t  s o l u t i o n  of  p o t a s s i u m  h y d r o x i d e  (16 g . )  i n  a l c o h o l  • 
(90 c , c , )  and  w a t e r  (25 c . c , ) .  The c l e a r - s o l u t i o n  was
' r e f l u x e d  f o r  t e n  d a y s ,  a f t e r  w hich  t h e  a l c o h o l  was 
d i s t i l l e d  o f f .  A d d i t i o n  of a s m a l l  amount o f  w a t e r  gave  a 
c l e a r  s o l u t i o n ,  b u t  f u r t h e r  d i l u t i o n  c a u s e d  t h e  f o r m a t i o n  
o f  an e m u l s i o n .  E x t r a c t i o n  w i t h  e i t h e r  b enzene  o r  e t h e r  --'
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was u n s a t i s f a c t o r y  b e c a u s e  o f  t h e  v e r y  a p p r e c i a b l e  
s o l u b i l i t y  o f  t h e  sodium s a l t  o f  t h e  c a r b o x y l i c  a c i d  i n  
t h e s e  s o l v e n t s .
A c i d i f i c a t i o n  o f  t h e  r e a c t i o n  p r o d u c t  f o l l o w e d  b y  
e x t r a c t i o n  w i t h  b e n z e n e  gave  a m ix tu r e  of a c i d ,  amide and 
some unchanged  n i t r i l e .  I t  was f o u n d  t h a t  t h e  f i r s t  two 
c o u ld  n o t  be w h o l ly  s e p a r a t e d  f r o m  e a c h  o t h e r ,  b u t  
p u r i f i c a t i o n  was c o m p le t e d  by  a d d i t i o n  o f  e x c e s s  a l k a l i  and  
r e p e a t e d  e x t r a c t i o n  w i t h  c h l o r o f o r m ,
A t h i r d  method t r i e d  f o r  t h e  s e p a r a t i o n  of amide f ro m  
acid . ,  c o n s i s t e d  i n  d i s s o l v i n g  a s m a l l  amount of t h e  m ix t u r e  
i n  a l c o h o l ,  a c c u r a t e l y  n e u t r a l i z i n g  t h e  a c i d  w i t h  c a u s t i c  
soda  s o l u t i o n  and r e m o v in g  a l l  t r a c e s  o f  s o l v e n t  by  
d i s t i l l a t i o n  i n  v a c u o .  However, i n s t e a d  o f  o b t a i n i n g  two 
l a y e r s  as  e x p e c te d , !  a p e r f e c t l y  homogeneous s o l u t i o n  of t h e  
sodium s a l t  i n  t h e  amide was o b t a i n e d .  The amide was f o u n d  
t o  be  r e a d i l y  e x t r a c t a b l e  w i t h  p e t r o l e u m  e t h e r  ( 6 0 - 8 0 ° ) ,  and 
to  d i s t i l  a t  187°/ l5mrn, (Pound; 0 , 7 5 , 6 ;  H ,8 , 8 ; N ,6 , 5 ;  
G13H190N r e q u i r e s :  0 , 7 6 , 0 ;  H ,9*3 ;  N ,6 , 8$ ) .
The o ( - m e t h y l - ^ - p h e n y l - n - c a p r o i c  a c i d  o b t a i n e d  b y  a n y  
of t h e  m ethods  i n d i c a t e d  above was c o l l e c t e d  a t  173°/ l6mm,
On t i t r a t i n g  t h e  a c i d  w i t h  0 ,1N ,  a l c o h o l i c  p o t a s h  s o l u t i o n ,  
. i t s  e q u i v a l e n t  was f o u n d  t o  b e  2 0 8 , 0  ( ,  COOH r e q u i r e s  
e q u i v a l e n t  2 0 6 , 3 ) ,
The y i e l d s  u n d e r  t h e  c o n d i t i o n s  g i v e n  above  were ^
a p p r o x i m a t e l y  65$ a c i d ,  25$ amide and a t r a c e  of  t a r r y  
m a t e r i a l ;  t h e  r e m a i n d e r  c o n s i s t e d  o f  unchanged  n i t r i l e .
I n  a f u r t h e r  e x p e r i m e n t ,  u s i n g  l e s s  c a r e f u l l y  f r a c t i o n ­
a t e d  t r i s u b s t i t u t e d  a c e t o n i t r i l e ,  a s m a l l  amount of  
o ( - p h e n y l ~ i s o b u t y r i c  a c i d  was i s o l a t e d .  T h i s  a c i d  d i s t i l l e d  
a t  157°/ l4mm, T i t r a t i o n ’w i t h  0 , IN, a l c o h o l i c  p o t a s h  gave  i t  
an e q u i v a l e n t  o f  165*6 (CgH-Q,C00H r e q u i r e s  e q u i v a l e n t  1 6 4 ,2 )  
The amide  of  o / - p h e n y l - i s o b u t y r i c  a c i d  was a l s o  i s o l a t e d ,
I t  was d i s t i l l e d  a t  a s l i g h t l y  h i g h e r  t e m p e r a t u r e  t h a n  t h e  
c o r r e s p o n d i n g .a c i d ,  a n d  r e a d i l y  . c r y s t a l l i s e d  o u t .  I t  was 
o b t a i n e d  a s  s m a l l  n e e d l e s ,  m . p ,1 5 8 ° C , ,  f r o m  aqueous a l c o h o l ,  
(Pound; 0 , 7 4 , 0 ;  H , 7 , 8 ;  N ,8 ,7*  c a l c d ,  f o r  C10H1 3ON:0 , 7 3 . 6 ;  '
H ,8 , 0 ;  N ,8 , 6$ ) .
3 ,  Schm id t  R e a c t i o n  on ^ - me t h y l - o / - p h e n y l  n ~ c a p r o i c  a c i d  
To a s o l u t i o n  o f  » ( - n i e th y l - ^ - p h e n y l  n - c a p r o i c  a c i d  
( 5 , 5  g , )  in  d ry  c h l o r o f o r m  (45 c , c , ) ,  was a d d e d  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (13 c . c , ) .  The m i x t u r e  a c q u i r e d  a g r e e n i s h -  
brown c o l o u r a t i o n ,  w h ic h  d i s a p p e a r e d  a s  sodJLum a z i d e  ( 2 , 1  g , )  
was ad ded  u n d e r  v i g o r o u s  s t i r r i n g .
T hrough  c a r e f u l l y  c o n t r o l l i n g  t h e  r a t e  o f  a d d i t i o n  o f  
t h e  a z i d e ,  t h e  r e a c t i o n  t e m p e r a t u r e  c o u l d  be  k e p t  a t  4 0 -4 5 °  
w i t h o u t  t h e  a p p l i c a t i o n  o f  e x t e r n a l  h e a t  f o r  most o f  t h e  
t i m e .
When n e a r l y  a l l  t h e  sodium a z i d e  a p p e a re d  to  h ave  gone
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i n t o  s o l u t i o n ,  s t i r r i n g  was c o n t i n u e d  f o r  a n o t h e r  h o u r ,  
a f t e r  w h ich  the  m ix tu r e  was poured  i n t o  c o l d  w a t e r .
The aqueous  l a y e r  was s e p a r a t e d ,  washed r e p e a t e d l y  w i t h  
s m a l l  amounts  o f  c h lo r o f o r m  and t h e n  made a l k a l i n e  w i t h  
o a u s t i o  s o d a .  An e m u l s io n  fo rm ed ,  and the  o i l  was e x t r a c t e d  
w i t h  benzene  and d r i e d  o v e r  an h y d ro u s  p o t a s s i u m  c a r b o n a t e . 
A f t e r  r e m o v a l  o f  b o t h  d r y i n g  a g e n t  and s o l v e n t ,  t h e  r e s i d u e  
was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  and y i e l d e d  1 , 2  g .  o f  
a d e a r  l i q u i d ,  b . p ,  a p p r o x .  8 0 ° / l 8  mm., w h ich  was 
i d e n t i f i e d  a s  a n i l i n e  t h r o u g h  two o f  i t s  d e r i v a t i v e s ,  . 
p - t o l u e n e s u l p h o n a n i l i d e , m .p .  10 3 ° ,  a n d  a o e t a n i l i d e ,  
rn .p .  1 1 3 ° ;  an a n a l y s i s  o f  th e  o i l  c o n f i r m e d  i t s  i d e n t i f y  
(Pound:  0 , 7 7 . 4 ;  H , 7 . 7 ;  N , 1 4 . 7 ;  c a l c ,  f o r  C6H7N;C, 7 7 . 3 ;
H , 7 , 5 j  N ,1 5 .0 $ )  . /
Prom th e  c h l o r o f o r m  l a y e r ,  0 , 6 g .  o f  unchanged a c i d  
was r e o o v e r e d ,  so  t h a t  th e  y i e l d  o f  a n i l i n e ,  c a l c u l a t e d  on 
the  amount o f  a c i d  whioh had  r e a c t e d ,  was 55%,
A f t e r  t h e  unchanged  a c i d  had been e x t r a c t e d ,  the  
c h l o r o f o r m  l a y e r  was c a r e f u l l y  d r i e d ,  and bromine added v e r y  
g r a d u a l l y  u n t i l  t h e  brown c o l o u r a t i o n  j u s t  p e r s i s t e d .  The 
e x c e s s  b rom ine  was removed by w a sh in g  w i t h  sodium t h i o s u l p h a t e  
s o l u t i o n .
The s o l v e n t  was e v a p o r a t e d  and the  r e s i d u e  d i s t i l l e d }
$
d ib rom o hexane  was c o l l e o t e d  a t  a p p r o x .  95° / l5m m . (Pound :  
B r , 6 4 . 3 ;  o a l o d ,  f o r  C0H}_2Br2:Br,65 ,4%) ,
• The r e a c t i o n  was r e p e a t e d  u s i n g  d i f f e r e n t  t e m p e r a t u r e s '  
and e m p lo y in g  a c t i v a t e d  sodium a z i d e ,  b u t  t h e s e  v a r i a t i o n s  
a f f e c t e d  n e i t h e r  the  n a t u r e  n o r  the  y i e l d  o f  the  p r o d u o t .
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♦
^ • Cur t  j u s  Rea c t  i o n on q( ~m6thyl-o/~pheny l ~ n ~ c a p r o y l  ch l o r i d e . 
P r e p a r a t  io n  o f  d " raeth y I - o A-ph e n y l ~ n ~ cap r o y l  ch l o r i d © «
A m i x t u r e  o f  o ( - m e t h y l - o ( - p h e n y l - n - c a p r o i a  a c i d  ( 1 1 ,5  g , )  
a n d ' t h i o n y l  c h l o r i d e  (50 c . c * ) - w a s  r e f l u x e d  on a s t e a m - b a t h  
i n  t h e  a b s e n c e  of  m o i s t u r e .  When no more h y d r o g e n  c h l o r i d e  
a p p e a r e d  t o  b e  e v o l v e d ,  t h e  e x c e s s  t h i o n y l  c h l o r i d e  was 
d i s t i l l e d  a t  o r d i n a r y  p r e s s u r e  a n d  t h e  r e s i d u e  u n d e r  r e d u c e d  
p r e s s u r e ,
The ° f -m e th y l - .Q ( -p h e n y l -n -c a p ro y l  c h l o r i d e  was c o l l e c t e d  
a t  1 2 3 ° / l S  mm,
• . t .
Y ie ld?  1 1 ,1  g ,  (89$ t h e o r , ) .
On t i t r a t i o n  of a m ea su red  e x c e s s  o f  s t a n d a r d  a l c o h o l i c  
p o t a s h  i n  which  a known amount of a c i d  c h l o r i d e  h a d  been  
d i s s o l v e d *  w i t h  a c i d ,  t h e  e q u i v a l e n t  o f  t h e  c h l o r i d e  was 
f o u n d  t o  b e  228j  Ci2H17C0Cl r e q u i r e s  an e q u i v a l e n t  of 225 ,  
C u r t i u s  R e a c t i o n  (Wet m e th o d ) ,
A s o l u t i o n  of sodium a z i d e  (5 g , )  i n  w a t e r  (20 c , c , )  
was add ed  u n d e r  v i g o r o u s  s t i r r i n g  to  a s o l u t i o n  of  ©(-methyl-  
o U p h e n y l - n ~ c a p r o y l  c h l o r i d e  ( 1 5 ,4  g , ) i n  a c e t o n e  (150 c , c , ) .  
The m i x t u r e  was k e p t  i n  an i c e - b a t h ,  and  a f t e r .  30 m in u te s  
w a t e r  was a d d e d  v e r y  g r a d u a l l y  u n t i l  a homogeneous s o l u t i o n  
was o b t a i n e d .  S t i r r i n g  o f  t h e  c o l d  r e a c t i o n  m i x t u r e  was 
c o n t i n u e d  f o r  one h o u r .  More w a t e r  (200 c , c , )  was t h e n  
ad d ed ,  a n d  t h e  p r e c i p i t a t e d  o i l  e x t r a c t e d  with  e t h e r  and  
d r i e d  o v e r  a n h y d ro u s  c a l c i u m  s u l p h a t e .  S l i g h t  e v o l u t i o n " '
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o f  g a s - b u b b l e s  seemed to  i n d i c a t e  t h a t  d e c o m p o s i t i o n  o f  t h e
a c i d  a z i d e  had  a l r e a d y  s t a r t e d  i n  t h e  c o l d ,
A f t e r  t h e  d ry in g  a g e n t  h a d  b e e n  f i l t e r e d  o f f ,  d r y
t o l u e n e  was added and  t h e  e t h e r  e v a p o r a t e d .  The r e m a i n i n g
s o l u t i o n  was r e f l u x e d  f o r  s e v e r a l  h o u r s  t o  c o m p le t e  t h e
d e c o m p o s i t i o n  a n d  r e a r r a n g e m e n t  of t h e  a z i d e .  C o n c e n t r a t e d
h y d r o c h l o r i c  a c i d  (150 c , c , )  was a d d e d  and. t h e  m i x t u r e
s t i r r e d  f o r  s i x  h o u r s  on a s t e a m - b a t h .
The aqueous  l a y e r  was s e p a r a t e d ,  washed  w i t h  b e n z e n e
%
and. e v a p o r a t e d  to  s m a l l  b u l k .  A d d i t i o n  of c a u s t i c  soda  
s o l u t i o n  i n  e x c e s s  p r e c i p i t a t e d ,  an o i l  w h ich  was e x t r a c t e d ,  
w i t h  e t h e r .  E v a p o r a t i o n  o f  t h e  s o l v e n t  and. d i s t i l l a t i o n  o f  
t h e  r e s i d u e  y i e l d e d  2 , 7  g ,  o f  ^ - m e t h y l - A - p h e n y l - n - a m y l a m i n e ,  
b , p ,1 2 7 ° / l 8 m m ,  and i d e n t i f i e d  t h r o u g h  i t s  b e n z o y l  d e r i v a t i v e ,  
o b t a i n e d  by  t h e  Sch o t ten -B au m an n  r e a c t i o n ,  -M. p . o f  b e n z o a te *  
146~147°C. ( S m a l l ,  s i l k y  n e e d l e s  f ro m  b e n z e n e - l i g r o i n ) . 
(Pound;  C ,80 ,9*  H , 8 , 5 ;  N , 4 , 9 j  Cl g H230N r e q u i r e s  C,;81.0;
H , 8 , 2 ;  N /4 .9 5 0 .
'The t o l u e n e  l a y e r  was d r i e d  a n d  t h e  s o l v e n t  rem oved  by
d i s t i l l a t i o n .  A d d i t i o n  o f  e t h e r  c o n v e r t e d  t h e  r e s i d u a l
v i s c o u s  m a t e r i a l  i n t o  a c r y s t a l l i n e  m ass .  The l a t t e r  was
• *
f i l t e r e d  a n d  r e p e a t e d l y  r e c r y s t a l l i s e d  f rom  b e n z e n e -  
p e t ro le u m .  e t h e r  ( 6 0 - 8 0 ° ) ,  Tbe s m a l l  c r y s t a l s  ( 0 , 6  g . )  
w h ich  h a d  a m e l t i n g - p o i n t  o f  1 4 4 - 1 4 7 ° C , ,  c o u ld  n o t  be  
p u r i f i e d  a n y  f u r t h e r  and  were  f o u n d  t o  b e  q u i t e  s o l u b l e - ;
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■in w a t e r .  A n a l y s i s  showed th e m  to  h e  t h e  h y d r o c h l o r i d e  o f  
<^~methyl-o(-phenyl-n-amylamine  (Pound* 0 1 , 1 6 , 5 ;  g12h 2 0 NC1 
r e q u i r e s  0 1 , 1 6 , 1 $ ) , '  T h is  was c o n f i r m e d  hy c o n v e r t i n g  t h e  
h y d r o c h l o r i d e  i n t o  t h e  b e n z o y l  d e r i v a t i v e  a n d  i d e n t i f y i n g  
t h e  l a t t e r  by  a mixed m e l t i n g - p o i n t  d e t e r m i n a t i o n  w i t h  a n  
a u t h e n t i c  sample o f  ^ -m e th y l - o U p h e n y l - n - a m y la m in e  b e n z o a t e ,  
G u r t i u s  Re a c t i o n  (Dry m e th o d ) .
To a s o l u t i o n  o f  o ( -m ethy l-o ( -pheny l  n - c a p r o y l  c h l o r i d e  
(8 , 8  g , )  i n  d r y  t o l u e n e  (40 c , c , )  was a d d ed  sod ium  a z i d e  
( 2 , 9  g , ) ,  p r e v i o u s l y  a c t i v a t e d  w i t h  h y d r a z i n e  h y d r a t e ,  
a c c o r d i n g  t o  N e l l e s  V, m ethod .
The m i x t u r e  was s t i r r e d  and  r e f l u x e d  f o r  e i g h t  h o u r s ,  
a f t e r  w h ich  no more gas  a p p e a r e d  t o  b e  e v o l v e d .  The 
-un chang ed  sodium a z i d e  was f i l t e r e d  o f f  from t h e  c o o l e d  
s o l u t i o n ,  and  most o f  t h e  s o l v e n t  removed by  d i s t i l l a t i o n .  
Excess  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was a d d e d ,  a n d  t h e  
h y d r o l y s i s  o f  t h e  i s o c y a n a t e  a l l o w e d  t o  p r o c e e d  on a a te a m -  
b a t h  f o r  a f e w  h o u r s ,
The aqueous  l a y e r  was t h e n  s e p a r a t e d  and made a l k a l i n e  
w i t h  c a u s t i c  soda  s o l u t i o n .  The o i l y  s u s p e n s i o n  t h u s  fo rm e d  
was e x t r a c t e d  w i t h  e t h e r ,  d r i e d  and  d i s t i l l e d  u n d e r  r e d u c e d  
p r e s s u r e ,  The o ( -m ethy l-o ( -pheny l  n -a m y la m in e ,  b , p ,  1 2 7 ° / 18 
mm,, was c o n v e r t e d  t h r o u g h  a Sch o t te n -B au m a n n  r e a c t i o n  i n t o  
i t s  b e n z o a t e ,  •
Y ie ld*  '1 ,7  g .  (25$ t h e o r , ) II'
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The e x p e r i m e n t  was r e p e a t e d  u s i n g  d ry  b e n z e n e  i n s t e a d  
of  t o l u e n e ,  b u t  t h e  y i e l d  r e m a in e d  a p p r o x i m a t e l y  t h e  same.
I n  a t h i r d  e x p e r i m e n t ,  t h e  a c id  c h l o r i d e  a n d  sodium a z i d e  
were s t i r r e d  t o g e t h e r  i n  c o l d ,  d ry  e t h e r  f o r  10  h o u r s  b e f o r e  
r e f l u x i n g ,  an d  h e r e  a g a i n  a y i e l d  o f  s l i g h t l y  o v e r  2 0 $ of  
amine was o b t a i n e d ,  ,
5 ,  Ho f mann R e a c t i o n  on W ~ m e th y l - d - p h e n y l - n - c a p r o a m id e _  
P r e p a r a t i o n  o f  ^ - m e t h y l - o ( - p h e n y l - n - c a p r o a m i d e ,
To a l a r g e  e x c e s s  o f  0 ,8 8 0  aqueous ammonia (200 c . c , )  
was ad d ed  v e ry  g r a d u a l l y  o ^ - m e t h y l - d - p h e n y l - n - c a p r o y l  
c h l o r i d e  (12  g . ) ,  and t h e  m ix t u r e  e v a p o r a t e d  on a s t e a m -  
b a t h  u n t i l  most o f  t h e  w a te r  h ad  b een  rem oved .
The r e s i d u a l  o i l  was e x t r a c t e d  w i t h  b e n ze n e  and t h e  
s o l u t i o n  d r i e d .  A f t e r  r em o v a l  o f  t h e  s o l v e n t ,  t h e  amide was 
d i s t i l l e d  and  c o l l e c t e d  a t  187°/ l5mm, (Pound: 0 , 7 5 , 6 ;
H ,8 , 8 * N , 6 , 5 ;  C15H2 2 ON r e q u i r e s  0 , 7 6 . 0 ;  H , 9 , 3 ;  N , 6 , 8$ ) ,
Y i e l d :  7 , 7  g ,  ( 7 4 ^ t h e o r , ) ,
P r e p a r a t i o n  o f  ^ - m e t h y l -o l-pheny l -n -am ylam i n e ..
1 , 9 6  g ,  o f  a c i d  amide was v i g o r o u s l y  s h a k e n  w i t h  60 c . c ,  
o f  aqueous  sod ium  h y p o c h l o r i t e  s o l u t i o n * ,  k e p t  a t  4 0 ° G , ,  
u n t i l  n e a r l y  a l l  t h e  amide h a d  gone i n t o  s o l u t i o n .  The
* A 0 .25N ,  s o l u t i o n  of  NaOCl p r e p a r e d  by a l l o w i n g  105 g ,  o f  
c o n c .  HOI ( s , g ,  1 .1 7 )  t o  f l o w  t h r o u g h  a d r o p p i n g  f u n n e l  on 
t o  1 6 ,2  g .  o f  KMnO^, and c o l l e c t i n g  t h e  c h l o r i n e  i n  500 
c . c ,  o f  c o l d  10$ NaOH s o l u t i o n .
m i x t u r e  was t h e n  g r a d u a l l y  h e a t e d  to  8 0 ° C , ,  a n d  at t h i s  
s t a g e  a y e l lo w  o i l  s e p a r a t e d .  I t  was e x t r a c t e d  w i th  b e n z e n e  
and t h e  s o l u t i o n  mixed w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
i n  e x c e s s .  The benze n e  was removed by  e v a p o r a t i o n  and t h e  
r e s i d u e  h e a t e d  f o r  s e v e r a l  h o u r s .  The v e ry  s m a l l  amount o f  
o i l  which r e m a in e d  on t h e  s u r f a c e  of  t h e  a c i d  s o l u t i o n  was 
e x t r a c t e d  w i t h  e t h e r ,  l e a v i n g  a c l e a r  aqueous  l a y e r  w h ic h  v 
was t h e n  e v a p o r a t e d  t o  a s m a l l  volume. T h i s  s o l u t i o n  was 
mixed w i t h  b e n z o y l  c h l o r i d e ,  u s i n g  t h e  S cho t te n -B au m a n n  . 
p r o c e d u r e ,  a n d  t h e  p r o d u c t  was fo u n d  t o  be  i d e n t i c a l  i n  i t s  
p h y s i c a l  p r o p e r t i e s  w i t h  an  a u t h e n t i c  sp e c im en  o f  t h e  
b e n z o a t e  o f  o (-m ethyl-c^-phenyl  n -am ylam ine  (m ,p ,  1 4 6 - 1 4 7 ° ) •  
Y i e l d  o f  amine b e n z o a t e ;  0 ,2 7  g* (10% i :heor , ) .
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I I . From Ter t i a r y  A l c o h o l s , '
A l , P r e p a r a t i o n  o f  ^ p h e n y l - p - t o l y l - ^ ~ n a pht h y l  c a r b l n o  1.
( i )  P r e p a r a t i o n  o f  p h e n y l - p - t o l y l  k e t o n e .
To a m ix t u r e  o f  b e n z o y l  c h l o r i d e  (35 g . )  a n d  d r y  
t o l u e n e  (138 g , ) was added  a lu m in iu m  c h l o r i d e  (30 g . ) ,  
p r e v i o u s l y  g ro u n d  u n d e r  t o l u e n e .  The a d d i t i o n  was made / 
g r a d u a l l y  o v e r  a p e r i o d  o f  45 m i n u t e s .  The d a r k  s o l u t i o n  
was t h e n  r e f l u x e d  u n t i l  h y d ro g e n  c h l o r i d e  had  p r a c t i c a l l y  
c e a s e d  t o  be  e v o lv e d  a n d /  a f t e r  s l i g h t  c o o l i n g / w a s  p o u r e d  
i n t o  a m i x t u r e  of  i c e  and  h y d r o c h l o r i c  a c i d .  A f t e r  
t h o r o u g h  s h a k i n g ,  t h e  t o l u e n e  l a y e r  was s e p a r a t e d ,  washed 
w i t h  w a t e r ,  d r i e d ,  a n d  t h e  s o l v e n t  e v a p o r a t e d .  The r e s i d u e ,  
was d i s t i l l e d  and t h e  f r a c t i o n  c o l l e c t e d  a t  173~ l76° / l0m m , 
was a l l o w e d  t o  c r y s t a l l i z e ,  I t  was t h e n  r e c r y s t a l l i z e d  f ro m  
a l c o h o l ,  M,p,  59°C . .
Y i e l d  35 g .  {12% t h e o r , ) .
( i i )  P r e p a r a t i o n  o f  p h e n y l~ p ~ to ly l~ o A -n a p h th y l  c a r b i n o l .
A G r i g n a r d  r e a g e n t  was p r e p a r e d  by t h e  i n t e r a c t i o n  of  
o (~brom o~naph tha lene  ( 4 5 ,5  g . )  and magnesium ( 5 . 4  g , )  i n  e t h e r  
(135 c . c , ) .  The r e a g e n t  d i d  n o t  fo rm  r e a d i l y  b u t - a f t e r  
t h r e e  h o u r s*  r e f l u x i n g  most o f  t h e  magnesium h a d  gone i n t o  
s o l u t i o n .
A s o l u t i o n  o f  p h e n y l - p - t o l y l  k e t o n e  ( 4 3 ,5  g . )  i n  e t h e r  
(200 c . c , )  was added  v e r y  g r a d u a l l y  u n d e r  v i g o r o u s ^ s t i r r i n g ,
w h i l e  k e e p i n g  t h e  m ix t u r e  on a s t e a m - b a t h ,  A f t e r  f o u r  h o u r s
/  .
■ (
79
t h e  m i x t u r e  was c o o le d  a n d  decomposed w i t h  i c e  and ammonium 
c h l o r i d e  (25 g , ) #  The e t h e r e a l  l a y e r  was s e p a r a t e d ,  washed ,  
and d r i e d .  A f t e r  most o f  t h e  s o l v e n t  h a d  e v a p o r a t e d  a n d  t h e  
r e s i d u e  c r y s t a l l i s e d ,  o u t ,  t h e  a l c o h o l  was r e - c r y s t a l l i z e d  
f ro m  l i g r o i n  (m,p,- 1 0 9 ° C , ) ,
2  ,  Pr e p a r a t i o n o f  phen y l - p - t o l y l - c A . n a p h t h y l  c h l o r o m e t h a n e .
The a l c o h o l  t h u s  o b t a i n e d  was d i s s o l v e d  i n  e t h e r ,  a n d  
d r y  h y d ro g e n  c h l o r i d e  p a s s e d  t h r o u g h  t h e  s o l u t i o n ,  A s m a l l  
amount of c h l o r i d e  soon  c r y s t a l l i s e d  o u t ,  a n d  a few c . c , s  
of a c e t y l  c h l o r i d e  were added t o  remove t h e  w ater ,  fo rm ed  
d u r i n g  t h e  r e a c t i o n .  A f t e r  t h e  gas h a d  b e e n  p a s s e d - t h r o u g h  
t h e  m i x t u r e  f o r  s e v e r a l  h o u r s ,  t h e  s o l v e n t  and  e x c e s s  
a c e t y l  c h l o r i d e  were e v a p o r a t e d  and  t h e  r e s i d u a l  c a r b i n y l  
c h l o r i d e  r e c r y s t a l l i s e d  f r o m  4 0 -6 0 °  p e t r o l e u m  e t h e r .
Yie ld* 25 g ,  (33% c a l c d ,  on k e t o n e ) *
M.p. 1 4 2 ° C,
3 ,  P r e p a r  a t  i  on_of phe n y l  -  p - 1 o l y 1 -o{ -  na p h t  hy  1 me t hy  1 ami  n e ,
v
Dry ammonia gas  was. p a s s e d  t h r o u g h  a s o l u t i o n  of  
p h e n y l - p - t o l y l - c { - n a p h t h y l  c h lo r o m e th a n e  (25 g , )  i n  b en ze n e  
(500 0 , 0 , )  u n t i l  no more ammonium c h l o r i d e  s e p a r a t e d .  The 
l a t t e r  was f i l t e r e d ,  a n d  t h e  s o l v e n t  e v a p o r a t e d .  A d d i t i o n  
o f  p e t r o l e u m  e t h e r  ( 4 0 - 6 0 ° )  t o  t h e  r e s i d u a l  gum y i e l d e d  a 
l i g h t - b r o w n  powder which on r e c r y s t a l l i s a t i o n  f r o m  a l c o h o l  
gave s m a l l  w h i t e  n e e d l e s ,  m ,p ,  1 27 -128°C ,
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Y i e l d ;  19 g ,  ( 8 1 /  t h e o r . ) ,
(Pound; 0 ,8 9 .1 *  H , 6 ,5 1 ;  N ,4 .1 7 ;  C2 4 H2 1 N r e q u i r e s  ' 
C , 8 9 . 1 ;  H ,6 . 5 5 ;  N , 4 , 3 3 / ) ,
B l j  P r e p a r a t i o n  o f  o ( m e t h y l - o(»ethy  1 - n - amy 1 a 1 coho 1 ,
A G-rignard r e a g e n t  was p r e p a r e d  in  t h e  s t a n d a r d  way b y  
t h e  i n t e r a c t i o n  o f  n - b u t y l  b ro m id e  (262 c , c , ) ,  p r e v i o u s l y  
d r i e d  o v e r  c a l c i u m  c h l o r i d e  and  d i s s o l v e d  i n  d r y  e t h e r  
(750 e , c . ) ,  w i t h  magnesium ( 6 0 ,8  g , ) ,
T h is  r e a g e n t  was c o o l e d  in  a n  i c e - s a l t  m i x t u r e ,  a n d  a 
s o l u t i o n  o f  m e th y l  e t h y l  k e to n e  (223 c . c . )  i n  e t h e r  
(250 c . c , )  s l o w l y  r u n  i n ,  u n d e r  c o n s t a n t  s t i r r i n g .
The a d d i t i o n  p r o d u c t  was h y d r o l y s e d  by  p o u r i n g  i t  i n t o  
i c e  and ammonium c h l o r i d e  (250 g , ) ,  The e t h e r e a l  l a y e r  was 
s e p a r a t e d ,  washed s e v e r a l ,  t  imes w i t h  w a t e r ,  and d r i e d  o v e r  
an h y d ro u s  p o t a s s i u m  c a r b o n a t e .
The s o l v e n t  was e v a p o r a t e d  a n d  t h e  r e s i d u e  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s  s u r e , The f r a c t i o n  c o l l e c t e d  a t  7 8 - 8 0 ° /  
35 mm, was r e d i s t i l l e d  a t  n o rm a l  p r e s s u r e ,  t h e  a l c o h o l  
coming o v e r  a t  1 6 0 - 2 ° ,
Y i e l d ;  203 g ,  ( 6 2 /  t h e o r , ) ,
2 * _ Pr e Pa r  at  i  on_o f  o( ^ met h y l - / -  e t  h y 1 - n -  amyl c h l o r i d e ,
A sample  o f  <>{ - m e t h y l - o ( - e t h y l - n - a m y l  a l c o h o l  was c o o l e d  
t t o  -5 ° C ,  i n  a f r e e z i n g  m i x t u r e ,  a n d  d r y  h y d r o g e n  c h l o r i d e  
p a s s e d  t h r o u g h  i t  f o r  s e v e r a l  h o u r s ,  •
W hen t h e  l i q u i d  a p p e a r e d  t o  h e  s a t u r a t e d  w i t h  h y d r o g e n
8
c h l o r i d e  t h e  h a l i d e  l a y e r  w a s  s e p a r a t e d  a n d  f r e e d  f r o m  e x c e s s  
HC1 b y  s t a n d i n g  i t  i n  a n  e v a c u a t e d  d e s i c c a t o r  o v e r  s o d i u m  
h y d r o x i d e .  I t  w a s  t h e n  w a s h e d  w i t h  a  5% s o d i u m  c a r b o n a t e  
s o l u t i o n ,  a n d  d r i e d .
T h e '  s u b s t i t u t e d  a m y l  c h l o r i d e  w a s  f i n a l l y  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e ,  g i v i n g  a  c o l o u r l e s s  l i q u i d ,  b , p ,  
5 5 ° / l 5  mm,
3 , Some Chemica 1 propert ies of /  -methyl-1j,-ethylrn-amyl
c h l o r i d e .
♦
a )  W i t h  a q u e o u s  s o d i u m  c y a n i d e  s o l u t i o n ;
5 g ,  o f  s o d i u m  c y a n i d e  w e r e  n e a r l y  c o m p l e t e l y  d i s s o l v e d  
i n  6  c . c ,  o f  h o t  w a t e r ,  a n d  6 c , c ,  o f  t h e  c h l o r i d e  s l o w l y  
r u n  i n t o  t h e  s o l u t i o n .
A f t e r  t h e  s o l u t i o n  h a d  b e e n  k e p t  o n  a  s t e a m - b a t h  f o r  
s e v e r a l  h o u r s ,  e x c e s s  o f  w a t e r  w a s  a d d e d  a n d  t h e  n o n - a q u e o u s  
l a y e r  s e p a r a t e d ,  w a s h e d  a n d  d r i e d .  On d i s t i l l a t i o n ,  i t  
y i e l d e d  o n l y  o ( - m e t h y l - c / - e t h y l - n - a m y l  a l c o h o l .
b )  W i t h  0 , 8 8 0  a m m o n i a  s o l u t i o n ;
5 c . c ,  o f  c h l o r i d e  w e r e  s h a k e n  f o r  t h r e e  d a y s  w i t h  2 0
c . c ,  o f  a m m o n i a  s o l u t i o n  ( s , g .  0 , 8 8 0 ) .  O i l y  g l o b u l e s  o n  
t h e  s u r f a c e  o f  t h e  a q u e o u s  l a y e r  w e r e  e x t r a c t e d  w i t h  e t h e r  
a n d  i d e n t i f i e d  a s  t h e  a l c o h o l  c o r r e s p o n d i n g  t o  t h e  c h l o r i d e .
c )  W i t h  d r y  g a s e o u s  a m m o n i a *
D r y  a m m o n i a  g a s  w a s  p a s s e d  f o r  s e v e r a l  h o u r s  t h r o u g h
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t h e  c h l o r i d e  k e p t  f i r s t  a t  ~ 5 ° C . ,  a n d  t h e n  a t  r o o m  
t e m p e r a t u r e ,  h u t  n o  r e a c t i c n  t o o k  p l a c e .
d )  W i t h  s o d a m i d e *
'A s u s p e n s i o n ,  o f  s o d a m i d e  i n  b e n z e n e  w a s  a d d e d  t o  a  
s a m p l e  o f  t h e  c h l o r i d e  a n d  t h e  m i x t u r e  r e f l u x e d  f o r  s e v e r a l  
h o u r s .  No r e a c t i o n  a p p e a r e d  t o  t a k e  p l a c e ,  a n d  a f t e r  
f i l t e r i n g  o f f  t h e  s o d a m i d e ,  t h e  c h l o r i d e  w a s  r e c o v e r e d  
n e a r l y  q u a n t i t a t i v e l y ,
e )  W i t h  m a g n e s i u m *
An a t t e m p t  w a s  m a d e  t o  p r e p a r e  a  G r i g n a r d  r e a g e n t  b y  
a l l o w i n g  a  d r y  e t h e r e a l  s o l u t i o n  o f  t h e  c h l o r i d e  t o  r e a c t  
w i t h  m a g n e s i u m ,  b u t  i t  w a s  f o u n d  i m p o s s i b l e  t o  g e t  a n y  
a p p r e c i a b l e  a m o .u n t  o f  i n t e r a c t i o n  t o  t a k e  p l a c e ,
f ) W i t h  p h t h a l i m i d e :
A m i x t u r e  o f  p o t a s s i u m  p h t h a l i m i d e  a n d  o ^ - m e t h y l - o ^  
e t h y l - n - a m y l  c h l o r i d e  w a s  h e a t e d  f o r  s e v e r a l  h o u r s  i n  a n  
o i l - b a t h  a t  1 0 0 - 1 2 0 ° C . ,  b u t  n o  s u b s t i t u t e d  p h t h a l i m i d e  w a s  
f o u n d  i n  t h e  r e a c t i o n  p r o d u c t .  T h e  a d d i t i o n  <£ t o l u e n e  t o  
t h e  m i x t u r e  h a d  n o  e f f e c t .
C l . 4 P r e p a r a t i o n  o f  o { > m e t h y l - > ^ - P b e n y l - n - a m y l  a l c o h o l .
A G r i g n a r d  r e a g e n t ,  p r e p a r e d  f r o m  n - b u t y l  b r o m i d e  
( 2 7 4  g , ) ,  d i s s o l v e d  i n  e t h e r  ( 6 2 5  c . c , ) ,  a n d  m a g n e s i u m  
( 4 8 , 6  g . ) ,  w a s  t r e a t e d  a t  0 ° C ,  w i t h  a n  e t h e r e a l  s o l u t i o n  
o f  a c e t o p h e n o n e  ( 2 4 0  g , ) *
T h e  r e a c t i o n  p r o d u c t  w a s  h y d r o l y z e d  w i t h  i c e  a n d  
a m m o n i u m  c h l o r i d e  ( 1 5 0  g , )  a n d  t h e  a l c o h o l ,  a f t e r  t h e  
e t h e r e a l  l a y e r  h a d  b e e n  w a s h e d  a n d  d r i e d ,  d i s t i l l e d .
T h e  - m e t h y l - o j - p h e n y l - n - a m y l  a l c o h o l  h a d  a  b o i l i n g -  
p o i n t  o f  1 6 4 - 1 6 7 ° / 2 7  mm.
Y i e l d *  1 9 5  g ,  ( 5 5 $  t h e o r , ) ,
2 ,  P r e p a r a t i o n  o f  *(- m e t h y  1 - p h e  n y 1 - n - a m y 1 c h l o r i d e .  
T h r o u g h  a  s a m p l e  o f  t h e  a m y l  a l c o h o l  c o n t a i n i n g  a  t r a c e
o f  z i n c  c h l o r i d e ,  w a s  p a s s e d  a  s l o w  s t r e a m  o f  d r y  h y d r o g e n  
c h l o r i d e .  T h e  l i q u i d  w a s  k e p t  a t  - 5 ° C ,  u n t i l  i t  a p p e a r e d  t o  
b e  s a t u r a t e d  w i t h  h y d r o g e n  c h l o r i d e  a n d  s e p a r a t i o n  i n t o  t w o  
l a y e r s  h a d  t a k e n  p l a c e .
T h e  e x c e s s  HOI w a s  r e m o v e d  i n  a  v a c u u m  d e s i c c a t o r  a n d  
t h e  n o n - a q u e o u s  l a y e r  s h a k e n  w i t h  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  a n d  f i l t e r e d ,  '
T h e  c h l o r i d e  w a s  d i s t i l l e d  i n  v a c u o  a n d  t h e  p u r e  
s u b s t a n c e  c o l l e c t e d  a t  1 1 5 ° C / l 3 m m ^  a s  a  c o l o u r l e s s  l i q u i d  
w i t h  p u n g e n t  o d o u r ,
3 ,  Some C h e m i c a l  p r o p e r t i e s  o f  _o( -  me t  h y  1 ^  -  p h e  n y  1 -  n  -  a m y l
c h l o r i d e ,
\
A s e r i e s  o f  t e s t s ,  i d e n t i c a l  t o  t h o s e  c a r r i e d  o u t  o n  
- m e t h y l - ^ - e t h y l - n - a m y l  c h l o r i d e  ( s e e  a b o v e ) ,  w a s  c a r r i e d  
o u t  o n  c y - m e t h y l - ^ - p h e n y l - n - a m y l  c h l o r i d e .  U n d e r  t h e s e  
c o n d i t i o n s  t h e r e  a p p e a r e d  t o  b e  n o  d i f f e r e n c e  i n  r e a c t i v i t y  
b e t w e e n  t h e  t w o  c a r b l n y l  c h l o r i d e s  a n d  n o  s u i t a b l e  m e t h o d
w a s  f o u n d  o f  c o n v e r t i n g  e i t h e r  o f  t h e m  i n t o  t h e  
c o r r e s p o n d i n g  a m i n e ,
__4_, P r e p a r a t i o n  o f  - me t h y 1 -c\;- phen y 1 ~ n - c a p r o i c  a c i d ,
, ( i )  A s o l u t i o n  o f  <(- * m e t h y  1 p h e n y l - n - a m y l '  a l c o h o l  
( 3 0  g , } i n  m e t h y l  a l c o h o l  ( 5 0  c , c , )  w a s  a l l o w e d  t o  s t a n d  
o v e r n i g h t  i n  t h e  p r e s e n c e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
( 2  c , c , ) # Two l a y e r s  f o r m e d  a n d  t h e  p r o d u c t  o f  t h e  r e a c t i o n  
w a s  d i s s o l v e d  i n  e t h e r .  I t  w a s  t h e n  w a s h e d  w i t h  w a t e r  a n d  
w i t h  a  s o d i u m  c a r b o n a t e  s o l u t i o n ,  d r i e d  a n d  t h e  s o l v e n t  
e v a p o r a t e d .
T h e  r e s i d u e  w a s  d i s t i l l e d  a n d  m e t h y l  ( c V - m e t h y l - W -  
p h e n y l - n - a m y l )  e t h e r  c o l l e c t e d  a t  1 3 0 ° / 2 7 m m ,
Y i e l d *  2 1  g ,  ( 6 5 $  t h e o r , ) ,
( i i )  T o  a  s o l u t i o n  o f  t h e  m e t h y l  e t h e r  ( 8 , 9  g , )  in .  d r y  
b e n z e n e  ( 2 0 0  c , c , )  w a s  a d d e d  a  l i q u i d  s  o d i u m - p o t a s s i u m  a l l o y  ! 
( 8  c , c , )  i n  a n  a t m o s p h e r e  o f  n i t r o g e n .  T h e  a l l o y  h a d  b e e n  |II
p r e p a r e d  b y  m e l t i n g  t o g e t h e r  u n d e r  p a r a f f i n  s o d i u m  a n d  I
p o t a s s i u m  i n  t h e  r a t i o  o f  2 3  t o  7 7  w , / w .
No r e a c t i o n  w a s  a t  f i r s t  o b s e r v e d ,  b u t  a f t e r  s o m e  t i m e  
t h e  s o l u t i o n  b e c a m e  i n c r e a s i n g l y  c l o u d y  a n d  d a r k .  I t  w a s  
t h e n  h e a t e d  t o  6 0 - 7 0 ° C ,  a n d  s o o n  a  d a r k - r e d  s o l u t i o n  w a s  
o b t a i n e d .  T h e  m i x t u r e  w a s  a l l o w e d  t o  c o o l  d o w n  a n d  d r y  
c a r b o n  d i o x i d e  w a s  p a s s e d  t h r o u g h  i t  f o r  a b o u t  o n e  h o u r ,  b y  
w h i c h  t i m e  t h e  c o l o u r  h a d  e n t i r e l y  d i s a p p e a r e d .  E x c e s s  . j
a l l o y  w a s  d e c o m p o s e d  b y  a d d i n g  m o i s t  e t h e r  a n d  a l c o h o l , - ' - -
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T h e  s o l u t i o n  w a s  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  w a t e r .  T h e  
a l k a l i n e  s o l u t i o n  w a s  a c i d i f i e d  a n d  t h e  l i b e r a t e d  a c i d  
e x t r a c t e d  w i t h  e t h e r  a n d  d r i e d ,  *
T h e  r e s i d u e  w a s  d i s t i l l e d  a n d  ^ - m e t h y l - V - p h e n y l - n -  
c a p r o i c  a c i d  c o l l e c t e d  a t  1 5 7 ° / I 5 m m ,
Y i e l d ?  1 , 9  g ,  ( 2 5 $  t h e o r , ) .
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I I I #  F r o m  T r i s u b s t i t u t e d  A c e t o p h e n o n e s . .
A l ,  o f  - m e  t h y  l - o /  - b e n z y l -  n - c  a  p r o  p h e  n o n e ,
( i )  T o  a  s o l u t i o n  o f  p r o p i o p h e n o n e  ( 1 7 0  g , )  i n  d r y  b e n z e n e  
( 6 5 0  c , c * ) w a s  g r a d u a l l y  a d d e d  a  s u s p e n s i o n  o f  s o d a m i d e  
( 5 1  g j  i n  t h e  s a m e  s o l v e n t .  T h e  m i x t u r e ,  w h i c h  r a p i d l y  
a c q u i r e d  a  r e d d i s h - b r o w n  c o l o u r a t i o n  d u e  t o  t h e  f o r m a t i o n  o f  
t h e  s o d i o - d e r i v a t i v e ,  w a s  r e f l u x e d  f o r  s e v e r a l  h o u r s  u n t i l  
n o  f u r t h e r  e v o l u t i o n  o f  a m m o n i a  c o u l d  b e  o b s e r v e d ,
' R e d i s t i l l e d  b e n z y l  c h l o r i d e  ( 1 6 0  g , ) w a s  t h e n  a d d e d  a n d  
t h e  r e f l u x i n g  c o n t i n u e d ,  t o g e t h e r  w i t h  v i g o r o u s  s t i r r i n g ,  
u n t i l  t h e  c o l o u r  o f  t h e  r e a c t i o n  m i x t u r e  h a d  c h a n g e d  t o  
p i n k i s h - y e l l o w *
T h e  m i x t u r e  w a s  c o o l e d  a n d  w a t e r  a d d e d  t o  d i s s o l v e  t h e  
p r e c i p i t a t e d  s o d i u m  c h l o r i d e .  T h e  b e n z e n e  l a y e r  w a s  w a s h e d  
w i t h  w a t e r ,  d r i e d  o v e r  s o d i u m  s u l p h a t e  a n d  t h e  s o l v e n t  
e v a p o r a t e d .  T h e  r e s i d u a l  o i l  w a s  d i s t i l l e d  u n d e r  r e d u c e d
p r e s s u r e  and .  t h e  ^ - b e n z y l - p ' r . o p i o p h e n o n e  c o l l e c t e d  a t  1 8 1 ° / 1 0
Y i e l d ;  1 5 9  g ,  ( 5 6 $  t h e o r . ) .
T h r o u g h o u t  t h e  e x p e r i m e n t s  i n v o l v i n g  t h e  u s e  o f  s o d a m i d e  
a s  c o n d e n s i n g  a g e n t ,  t h e  c o n d i t i o n s  w e r e  k e p t  a n h y d r o u s ,  b y  
f i t t i n g  a  c a l c i u m  c h l o r i d e  d r y i n g  t u b e  t o  t h e  c o n d e n s e r  a n d  
a  m e r c u r y  s e a l  t o  t h e  s t i r r e r ,
( i i )  T h e  r e a c t i o n  o f  A - b e n z y l - p r o p i o p h e n o n e ,  f i r s t  w i t h  
s o d a m i d e  ( 2 7  g « ) ,  t h e n  w i t h  h - b u t y l  b r o m i d e  ( 9 5  g , )  w a s  **
mm ( P o u n d .  0 , 8 5 , 7 ;  H , 7 * 4 ;  Cl 6 H1 6 0  r e q u i r e s  0 , 8 5 . 7 ;  H , 7 . 2 $ )  
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c a r r i e d  o u t  a s  d e s c r i b e d  a b o v e ,  u s i n g  t h e  s a m e  s o l v e n t  
( 6 5 0  c , c , )  a n d  I d e n t i c a l  e x p e r i m e n t a l  c o n d i t i o n s .
T h e  o / - m e t h y l - c / « b e n z y l  n - c a p r o p h e n o n e  w a s  f o u n d  t o  
d i s t i l  a t  1 9 2 - 1 9 6 ° / 1 3  mm, ( P o u n d ;  0 , 6 5 , 2 ;  H , 8 . 1 ;  V2 0 A24P  
r e q u i r e s  0 , 8 5 , 6 ;  H , 8 , 6 $ ) ,
Y i e l d ;  5 8  g ,  ( 1 7 $  t h e o r ,  c a l e d ,  o n  o r i g i n a l  
p r o p i o p h e n o n e ) ,
2 ,  Re a c t i o n  o f  o / - m e t h y l - < > f ~ b e n z y l  n - c a p r o p h e n o n e  w i t h
s o d am i d e .
a ) I n  b e n z e n e *  t o  a  s o l u t i o n  o f  c ^ - m e t h y l - o ( - b e n z y l  n -  
c a p r o p h e n o n e  ( 5 8  g , ) i n  d r y  b e n z e n e  ( 2 5 0  c , c . )  w a s  a d d e d  a  
s u s p e n s i o n  o f  f i n e l y - g r o u n d  s o d a m i d e  ( 1 2  g , ) .  T h e  m i x t u r e
w a s  r e f l u x e d  f o r  f i v e  h o u r s  a n d  w a t e r  t h e n  a d d e d  t o  d e c o m p o s e
1
t h e  e x c e s s  s o d a m i d e  a n d  a n y  s o d i o - d e r i v a t i v e  o f  t h e  
s u b s t i t u t e d  c a p r o a m i d e  w h i c h  m i g h t  h a v e  b e e n  f o r m e d .
T h e  b e n z e n e  l a y e r  w a s  w a s h e d  w i t h  d i l u t e  a c i d ,  a n d  
d r i e d ,  T h e  s o l v e n t  w a s  e v a p o r a t e d ,  b u t  t h e  r e s i d u e ,  o n  
d i s t i l l a t i o n  y i e l d e d  o n l y  u n c h a n g e d  k e t o n e  t o g e t h e r  w i t h  a  
t a r .
I n  t o l u e n e ;  t h e  r e c o v e r e d  t r i s u b s t i t u t e d  a c e t o p h e n o n e  
( 4 4  g , )  w a s  d i s s o l v e d  i n  d r y  t o l u e n e  ( 2 0 0  c , c , )  a n d  r e f l u x e d  
f o r  s e v e r a l  h o u r s  i n  t h e  p r e s e n c e  o f  s o d a m i d e  ( 1 0  g , ) .  As 
i n  t h e  f i r s t  e x p e r i m e n t ,  n o  t r a c e  o f  a m i d e  c o u l d  b e  f o u n d  
i n  t h e  p r o d u c t .
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g ) I n  x y l e n e « t h e  r e c o v e r e d  k e t o n e  w a s  h e a t e d  i n  t h e  
p r e s e n c e  o f  e x c e s s  ( 1 , 2  e q u i v , )  s o d a m i d e ,  u s i n g  d r y  x y l e n e  
a s  s o l v e n t .  A f t e r  t h e  m i x t u r e  h a d  b e e n  r e f l u x e d  f o r  a  f e w  
h o u r s ,  i t  w a s  c o o l e d  a n d  d e c o m p o s e d  a s  d e s c r i b e d  a b o v e .  T h e  
d i s t i l l e d  r e a c t i o n  p r o d u c t  w a s  f o u n d  t o  c o n t a i n  n i t r o g e n ,  
b u t  a l l  a t t e m p t s  a t  s e p a r a t i n g  a n y  p r o d u c t  f r a n  t h e  u n c h a n g e d  
k e t o n e  f a i l e d .
B l . P r e p a r a t i o n  o f  o ( . * m e t h y l ~ c ( - e t h y l - n . - c a p r o p h e n o n e .
( i )  T o  a  s o l u t i o n  o f  p r o p i o p h e n o n e  ( 1 8 2  g , )  i n  d r y  b e n z e n e  
( 6 5 0  c , c , )  w a s  a d d e d  a  s u s p e n s i o n  o f  s o d a m i d e  ( 5 3  g , )  i n  t h e  
s a m e  s o l v e n t .  T h e  m i x t u r e  w a s  s t i r r e d  a n d  r e f l u x e d ;  a f t e r  
a b o u t  o n e  h o u r ,  a  b u l k y  p r e c i p i t a t e  o f  t h e  s o d i u m  d e r i v a t i v e  
s u d d e n l y  f o r m e d ,  R e f l u x i n g  w a s  c o n t i n u e d  f o r  a n o t h e r  t h r e e  
h o u r s ,  a f t e r  w h i c h  n o  m o r e  a m m o n i a  a p p e a r e d  t o  b e  e v o l v e d ,
A s o l u t i o n  o f  n - b u t y l  b r o m i d e  ( 1 8 6  g , ) i n  b e n z e n e  ( 1 0 0  
c , c , )  w a s  g r a d u a l l y  a d d e d  t o  t h e  b o i l i n g  m i x t u r e ,  a n d  
s t i r r i n g  w a s  c o n t i n u e d  f o r  s e v e r a l  h o u r s .  W a t e r  w a s  t h e n  
a d d e d ,  a n d  t h e  b e n z e n e  l a y e r  s e p a r a t e d ,  w a s h e d  a n d  d r i e d .  
A f t e r  r e m o v a l  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  w a s  d i s t i l l e d  a n d  
t h e  o j - m e t h y l - n - c a p r o  p h e  n o n e  c o l l e c t e d  a t  1 2 3 ° / 2 3  mm.
Y i e l d j  1 4 8  g ,  ( 5 8 $  t h e o r , ) ,
( i i )  ° ( - M e t h y l - ^ - e t h y l - n * - c a p r o p h e n o n e  w a s  p r e p a r e d  i n  t h e  
s a m e  w a y  a s  c ^ - m e t h y l - n - e a p r o p h e n o n e ,  u s i n g  1 4 8  g ,  o f  t h e  
l a t t e r  k e t o n e ,  d i s s o l v e d  i n  6 5 0  c , c ,  o f  b e n z e n e ,  3 8  g ,  b fT
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s o d a m i d e  a n d  1 2 2  g ,  o f  e t h y l  i o d i d e .  C a r e  w a s  t a k e n  t o  
i m m e r s e  t h e  l o w s r  e n d  o f  t h e  d r o p p i n g  f u n n e l ,  c o n t a i n i n g  t h e  
a l k y l  h a l i d e ,  i n  t h e  r e a c t i o n  m i x t u r e  i n  o r d e r  t o  a v o i d  
r e a c t i o n  b e t w e e n  e t h y l  i o d i d e  a n d  t h e  a m m o n i a  e v o l v e d ,
B , p ,  o f  cx - m e t h y l - d - e t h y l - n - c a p r o p h e n o n e j  1 4 0 ° / l 3  mm, 
( F o u n d *  C , 8 2 , 2 ;  H , 9 , 9 8 ;  C q g l ^ g O  r e q u i r e s  C , S 2 , 5 ;  H , 1 0 , 1 6 ^ ) ,  
Y i e l d :  1 0 0  g ,  ( 5 9 $  t h e o r , ) ,
2 ,  P r e p a r a t i o n  o f  ^ - m e t h y l - ^ - e t h y l - n - c a p r o a m i d e ,
2 0  g ,  o f  c ^ - m e t h y l - c f - e t h y l - n - c a p r o p h e n o n e  w e r e  d i s s o l v e d  
i n  1 0 0  c , c ,  o f  d r y  b e n z e n e  a n d  a  s u s p e n s i o n  o f  5 g ,  o f  
f i n e l y - g r o u n d  s o d a m i d e  i n  t h e  s a m e  s o l v e n t  w a s  a d d e d  t o  t h e ,  
s o l u t i o n .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  f o u r  h o u r s  u n d e r  
a n h y d r o u s  c o n d i t i o n s ,  a n d  w a t e r  t h e n  a d d e d  v e r y  s l o w l y .
T h e  b e n z e n e  l a y e r  w a s  s e p a r a t e d  a n d ,  r e p e a t e d l y  w a s h e d  
w i t h  d i l u t e  a c i d .  T h e  s o l v e n t  w a s  e v a p o r a t e d ,  l e a v i n g  a n  
o i l  w h i c h  d i s t i l l e d  a t  1 2 5 - * 1 4 0 ° / 1 6  mm. An a t t e m p t  a t  
f r a c t i o n a l l y  d i s t i l l i n g  t h i s  l i q u i d  w a s  u n s u c c e s s f u l ;  
a n a l y s i s  s h o w e d  i t  t o  c o n t a i n  a p p r o x i m a t e l y  4 $  o f  n i t r o g e n ,  
I f  t h e  l i q u i d  c o n s i s t e d  o n l y  o f  u n c h a n g e d  k e t o n e  a n d  o f  t h e  
c o r r e s p o n d i n g  t r i s u b s t i t u t e d  a c e t a m i d e  t h i s  w o u l d  i n d i c a t e  
t h a t  a b o u t  o n e  h a l f  o f  t h e  m i x t u r e  c o n s i s t e d ,  o f  a m i d e .
T o  1 2 , 6  g ,  o f  t h i s  l i q u i d  m i x t u r e  d i s s o l v e d  i n  6 0  c . c ,  
o f  d r y  t o l u e n e  w e r e  a d d e d  3  g ,  ( 3 0 $  e x c e s s )  o f  s o d a m i d e .
On h e a t i n g  t h e  m i x t u r e ,  s t r o n g  e v o l u t i o n  o f  a m m o n i a  w a s  
o b s e r v e d ,  p r o b a b l y  i n d i c a t i n g  t h e  f o r m a t i o n  cf  t h e  s o d i o - ;
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d e r i v a t i v e  o f  t h e  a m i d e .  A f t e r  t h e  m i x t u r e  h a d  r e f l u x e d  f o r .  
s e v e n  h o u r s ,  i t  w a s  c o o l e d  a n d  w a t e r  s l o w l y  a d d e d ,  T h e  
o r g a n i c  l a y e r  w a s  t r e a t e d  a s  b e f o r e ,  b u t  t h e  p r o d u c t ,  
i s o l a t e d  a t  a p p r o x ,  1 4 0 ° / 1 3  mm. w a s  s t i l l  n o t  p u r e  a m i d e ,
■ F i n a l l y ,  t h e  p r o c e s s  w a s  r e p e a t e d  u s i n g  x y l e n e  a s  
s o l v e n t  a n d  r e f l u x i n g  t h e  m i x t u r e  f o r  f o u r  h o u r s ;  p u r e  
- m e t h y l - * ! - e t h y l - n - c a p r o a m i d e  w a s  i s o l a t e d  -  B , P ,  1 4 5 ° / 1 6  mm, 
' ( F o u n d ;  1 1 , 6 , 7 6 ;  r e q u i r e s  N , 6 , 8 3 % ) ,
I n  a d d i t i o n ,  a  s m a l l  a m o u n t  o f  b e n z a m i d e  w a s  i s o l a t e d  
w h i c h  o n  h y d r o l y s i s  r e a d i l y  y i e l d e d  b e n z o i c  a c i d .  T h e  
l a t t e r  w a s  i d e n t i f i e d  b y  . a  m i x e d  m e l t i n g - p o i n t  d e t e r m i n a t i o n  
w i t h  a n  a u t h e n t i c  s a m p l e  o f  b e n z o i o  a c i d  a n d  b y  a n  a n a l y s i s .  
( P o u n d :  C , 6 8 . 6 ;  H , 5 . 0 ;  c a l o d .  f o r  C 7 H6 0 2 : C , 6 8 . 8 ;  H , 4 , 9 $ )  .
D eam in a t io n  o f  phen y l^ p - t o l y l - o ( - n a p h th y l - m ,e  t h y la m in e  .
To a  s o l u t i o n  o f  p h e n y l - p - t o l y l - c ( - n a p h t h y l ~ m e  t h y l a m i n e  
h y d r o c h l o r i d e  ( 4 . 2  g . 4 ,  p r e p a r e d  b y  p a s s i n g  h y d r o g e n  c h l o r i d e  
t h r o u g h  a n  e t h e r e a l  s o l u t i o n  o f  t h e  a m i n e ,  i n  w a t e r  ( 7 5  c , o . )  
w a s  a d d e d  a n  a q u e o u s  s o l u t i o n  o f  s o d i u m  n i t r i t e  ( 2 , 4  g ,  i n  
2 5  c . c , ) .  T h i s  l e d  t o  t h e  f o r m a t i o n  o f  a  w h i t e  c r y s t a l l i n e  
m a s s  w h i c h  d i d  n o t  d i s s o l v e  o n  a d d i t i o n  o f  a  f u r t h e r  a m o u n t  
o f  w a t e r  ( 5 0  c . o . )  t o  t h e  m i x t u r e .  T h e  l a t t e r  w a s  b o i l e d  a n d  
t h e  p r e c i p i t a t e  c o a g u l a t e d  t o  a  gummy m a s s  f l o a t i n g  o n  t o p  
o f  a  c l e a r  s o l u t i o n .
B e n z e n e  w a s  a d d e d  t o  d i s s o l v e  t h e  s u p e r n a t a n t  s o l i d  
a n d  t h e  t w o  c l e a r  l a y e r s  w e r e ' s t i r r e d  t o g e t h e r  a n d  h e a t e d  
o n  a  s t e a m - b a t h  f o r  2 4  h o u r s .
T h e  b e n z e n e  l a y e r  w a s  t h e n  s e p a r a t e d ,  w a s h e d  r e p e a t e d l y  
w i t h  c o i d  3 N .  h y d r o c h l o r i c  a c i d  a n d  t h e n  w i t h  w a r m  w a t e r .  
A f t e r  c a r e f u l ' d r y i n g ,  t h e  s o l u t i o n  w a s  t r e a t e d  w i t h  c h a r c o a l  
a n d  f i n a l l y  p u r i f i e d  b y  p a s s i n g  i t  t h r o u g h  a  c o l u m n  o f  
a c t i v a t e d  a l u m i n a .  T h e  s o l v e n t  w a s  d i s t i l l e d  u n d e r  r e d u c e d  
p r e s s u r e ,  l e a v i n g  a r e s i d u e  w h i c h  a p p e a r e d  t o  c o n t a i n  n o  
n i t r o g e n  a n d  w h i c h  w e i g h e d  2 . 9  g .  I t  w a s  f o u n d  e x t r e m e l y  
d i f f i c u l t  t o  c r y s t a l l i z e  t h i s  p r o d u c t  b u t  a f t e r  s e v e r a l  
w e e k s  t h i s  w a s  a c h i e v e d .  S m a l l  c r y s t a l s  w e r e  o b t a i n e d  f r o m  
l i g r o i n ,  a n d  t h e s e  w e r e  i d e n t i f i e d  a s  p h e n y l - p - t o l y l ^ -  
n a p h t h y l  c a r b l n o l  b y  a  m i x e d  m e l t i n g - p o i n t  d e t e r m i n a t i o n  
w i t h  a n  a u t h e n t i c  s a m p l e  o f  t h e  a l c o h o l  a n d  b y  a n  a n a l y s i s .
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( P o u n d :  0 , 6 8 , 3 ;  H , 6 . 2 ;  c a l o d .  f o r  C 2 4H2 0 0 :  0 , 8 8 . 7 ;  H , 6 , 4 ^ ) k 
Y i e l d  : 1 . 2  g ,  ( 3 1 $  t h e o r . ) .
T h e  r e a c t i o n  w a s  r e p e a t e d  u s i n g  d i f f e r e n t  m e d i a  a n d  
k e e p i n g  t h e  p r o p o r t i o n s  o f  a m i n e  h y d r o c h l o r i d e  a n d  s o d i u m  
n i t r i t e  a s  i n  t h e  a b o v e  e x p e r i m e n t ,  b u t  t h e  p r o d u c t  a p p e a r e d  
t o  b e  t h e  s a m e  i n  e a c h  c a s e ,  w i t h o u t  a p p r e c i a b l e  d i f f e r e n c e  
i n  y i e l d .  The s o l v e n t s  u s e d  w e r e :  a - m i x t u r e  o f  w a t e r  a n d  
d i o x a n  t o  g i v e  a  p e r f e c t l y  h o m o g e n e o u s  r e a c t i o n  m i x t u r e ,  a n d  
w a t e r  o n l y .
I n  a  f i n a l  e x p e r i m e n t ,  o p t i c a l l y  a c t i v e  p h e n y l - p - t o l y l -  
c { - n a p h t h y  1 - m e t h y l a m i n e  h y d r o c h l o r i d e  ( s p e ^ ,  r o t , = 1 . 0  i n  
w a t e r )  w a s  r e a c t e d  w i t h  s o d i u m  n i t r i t e  u n d e r  t h e  c o n d i t i o n s  
i n d i c a t e d  a b o v e ,  b u t  t h e  r e s u l t i n g  a l c o h o l  s h o w e d  n o  s i g n  o f  
b e i n g  o p t i c a l l y  a c t i v e .
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I  . P r epa r a t  i o n o f  A c e n a p h th e n o 1,
( i ) A c e n a p h t h e n y l  a c e t a t  e .
I n  a  1 , 0 0 0  c , c ,  r o u n d - b o t t o m e d  f l a s k  w e r e  p l a c e d  
a c e n a p h t h e n e  ( 7 7  g . )  a n d  g l a c i a l  a c e t i c  a c i d  ( 5 5 0  c , c * ) ,  
p r e v i o u s l y  d i s t i l l e d  f r o m  2 0  g ,  o f  p o t a s s i u m  p e r m a n g a n a t e ,
T h e  s o l u t i o n  w a s  s t i r r e d  a n d  h e a t e d  t o  6 0 ° C ,  a t  w h i c h  
p o i n t  t h e  s o u r c e  o f  h e a t  w a s  r e m o v e d  a n d  r e d  l e a d  ( 4 1 0  g . )  . 
a d d e d  i n  p o r t i o n s  o f  2 5  g , ,  e a c h  p o r t i o n  b e i n g  a d d e d  a s  s o o n  
a s  t h e  c o l o u r  d u e  t o  t h e  p r e v i o u s  a m o u n t  h a d  b e e n  d i s c h a r g e d ,  
D u r i n g  t h i s  o p e r a t i o n ,  w h i c h  r e q u i r e d  3 0  t o  4-0 m i n u t e s ,  t h e  
t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  6 0 - 7 0 ° C ,  b y  e x t e r n a l  c o o l i n g *  
T h e  r e a c t i o n  w a s  c o n s i d e r e d  t o  h a v e  g o n e  t o  c o m p l e t i o n  
w h e n  a  p o r t i o n  o f  t h e  s o l u t i o n  g i v e  no  t e s t  f o r  l e a d  
t e t r a c e t a t e  ( a  d r o p  o f  t h e  r e a c t i o n  m i x t u r e  w a s  p l a c e d  o n  a  
m o i s t  p i e c e  o f  s t a r c h - p o t a s s i u r n  i o d i d e  p a p e r ;  t h e  d e v e l o p m e n t  
o f  a  b l u e  c o l o u r  s h o w e d  t h e  p r e s e n c e  o f  l e a d  t e t r a c e t a t e ) ,
T h e  d a r k - r e d  s y r u p y  s o l u t i o n ,  c o n t a i n i n g  a  f e w  s u s p e n d e d  
p a r t i c l e s  o f  r e d  l e a d  a n d  l e a d  d i o x i d e ,  w a s  p o u r e d  i n t o  
1 , 0 0 0  c , c ,  o f  w a t e r ,  a n d  t h e  a c e t a t e  e x t r a c t e d  w i t h  e t h e r .
T h e  e x t r a c t  w a s  w a s h e d  f i r s t  w i t h  w a t e r  a n d  t h e n  w i t h  
s a t u r a t e d  s o d i u m  c h l o r i d e  s o l u t i o n ,  a n d  w a s  f i n a l l y  d r i e d  
o v e r  s o d i u m  s u l p h a t e .  A f t e r  r e m o v a l  o f  t h e  s o l v e n t ,  t h e  
a c e t a t e  w a s  d i s t i l l e d  i n  v a c u o ,  B . p ,  1 7 7 ° / l 4 m m ,  ,
Y i e l d ;  8 0  g ,  ( 7 5 #  t h e o r , ) .
( i i )  A c e n a p h t h a n o 1 ,
*To a  s o l u t i o n  o f  a c e n a p h t h e n y l  a c e t a t e  ( 8 0  g , )  i n  
m e t h a n o l  ( 1 3 5  c . c , )  w a s  a d d e d  a  s o l u t i o n  o f  s o d i u m  h y d r o x i d e  
" ( 2 0  g , ) i n  w a t e r  ( 2 0 0  e , c , ) ,  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  
s e v e r a l  h o u r s  a n d  t h e n  c o o l e d  t o  b e l o w  2 0 ° C ,
T h e  y e l l o w  c r y s t a l l i n e  a c e n a p h t h e n o l  w a s  f i l t e r e d  o f f  
a n d  t h o r o u g h l y  w a s h e d  w i t h  w a t e r .  T h e  p r o d u c t  w a s  a i r - d r i e d  
a n d  t h e n  d i s s o l v e d  i n  b e n z e n e  ( 1 , 0 0 0  c , c , ) .  T h e  s o l u t i o n  w a s  
t r e a t e d  w i t h  a c t i v a t e d  c h a r c o a l ,  f i l t e r e d ,  a n d  t h e  f i l t r a t e  
c o n c e n t r a t e d  t o  5 0 0  c , c .  Oh c o o l i n g ,  p a l e  y e l l o w  c r y s t a l s  o f  
a c e n a p h t h e n o l  s e p a r a t e d .  A f t e r  a  f u r t h e r  r e c r y s t a l l i s a t i o n  
f r o m  b e n z e n e ,  t h e i r  m e l t i n g - p o i n t  r e m a i n e d  c o n s t a n t  a t  1 4 4 ° G ,  
Y i e l d *  5 7  g ,  ( 6 6 #  t h e o r ,  c a l c d ,  o n  a c e n a p h t h e n e ) .
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I I .  Reac t i o n s o f  Ac ena p h t h e n o l  w i t h  A c id  A n h y d r i d e s ,
1* p h t h a l i c  a n h y d r i d e .
T o  a  w a r m  s o l u t i o n  o f  p h t h a l i c  a n h y d r i d e  ( 7 . 4  g . )  i n  /  
p y r i d i n e  ( 8 , 0  g , ) w a s  a d d e d  f  i n e l y - p o w d e r e d  a c e n a p h t h e n o l  
( 8 , 5  g # ) .  T h e  r e a c t i o n  m i x t u r e  w a s  k e p t  a t  5 0 - 6 0 ° G ,  f o r  t w o  
d a y s  a n d  w a s  t h e n  c o o l e d  a n d  p o u r e d  i n t o  a  b% s o d i u m  c a r b o n a t e  
s o l u t i o n  ( 1 0 0  c , c , ) ,  g i v i n g  a f t e r  a  f e w  m i n u t e s  a  c l e a r  b r o w n  
s o l u t i o n ,  >
. i
T h i s  s o l u t i o n  w a s  a c i d i f i e d  b y  p o u r i n g  i t  i n t o  3 N .  
h y d r o c h l o r i c  a c i d  ( 4 5  c . c , )  t o  w h i c h  h a d  b e e n  a d d e d  s o m e  i c e .  
On s t i r r i n g ,  a  v e r y  v i s c o u s  m a s s  s e p a r a t e d ,  w h i c h ,  a f t e r  t h e  
a q u e o u s  l a y e r  h a d  b e e n  d e c a n t e d  o f f ,  w a s  d i s s o l v e d  i n  c o l d  
e t h e r  ( 1 0 0  c , c , ) .  T h e  e t h e r e a l  s o l u t i o n  w a s  w a s h e d  
r e p e a t e d l y  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  t o  r e m o v e  t h e  l a s t  
t r a c e s  o f  p y r i d i n e .  T h e  s o l v e n t  w a s  t h e n  e v a p o r a t e d ,  a n d  b% 
s o d i u m  c a r b o n a t e  s o l u t i o n  ( 1 0 0  c , c . )  a d d e d .  T h e  s o l u t i o n  
t h u s  o b t a i n e d  w a s  a l l o w e d  t o  s t a n d  f o r  s e v e r a l  h o u r s  a n d  t h e n  
t r e a t e d  w i t h  s m a l l  p o r t i o n s  o f  e t h e r  t o  r e m o v e  u n e s t e r i f i e d  
a l c o h o l  a n d  n e u t r a l  p h t h a l i c  e s t e r .
T h e  h y d r o g e n  p h t h a l i c  e s t e r  w a s  p r e c i p i t a t e d  b y  p o u r i n g  
t h e  s o l u t i o n  i n t o  e x c e s s  h y d r o c h l o r i c  a c i d  a n d  i c e ,  s e p a r a t i n g  
f r o m  s o l u t i o n  a s  a  v i s c o u s  w h i t e  m a s s .  T h e  l a t t e r  w a s  
d i s s o l v e d  i n  c h l o r o f o r m ,  t h e  s o l u t i o n  d r i e d  a n d  t h e  s o l v e n t  
f i n a l l y  e v a p o r a t e d  u n d e r  r e d u c e d ,  p r e s s u r e .  T h e  r e s i d u e  w a s  
r e c r y s t a l l i s e d  s e v e r a l  t i m e s  f r o m  e t h e r - p e t r o l e u m  e t h e r  — 
( 4 0 - 6 0 ° ) ,  g i v i n g  s m a l l ,  w h i t e  c r y s t a l s ,  m , p ,  1 2 1 ° C ,
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Y i e l d *  1 1 # 5 g ,  (72%' t h e o r * ) .
P o u n d  o n  t i t r a t i o n  w i t h  0 . 1 N ,  NaOH s o l u t i o n *  M , 3 1 7 * 5 *  
C2 0 % 4 ° 4  ^ e ^ u i ^ e s  M, 5 1 8 , 2 *  ' t
2 ,  W i t h  s u c o i n i c  a n h y d r i d e .
T h e  h y d r o g e n  s u c c i n i c  e s t e r  o f  a c e n a p h t h e n o l  w a s  p r e p a r e d  
i n  t h e  s a m e  w a y  a s  t h e  h y d r o g e n  p h t h a l i c  e s t e r *  u s i n g  s i m i l a r  
c o n d i t i o n s  a n d  a m o u n t s  of  r e a g e n t s .
T h e  a c e n a p h t h e n y l  h y d r o g e n  s u c c i n a t e  w a s  o b t a i n e d  a s  
n e e d l e s  f r o m  b e n z e n e ,  m . p ,  1 4 5 ° C .
P o u n d  o n  t i t r a t i o n  w i t h  0 . 1 N ,  NaOH s o l u t i o n ;  M , 2 6 9 , 2 * .  
C1 6 H1 4 ° 4  M , 2 7 0 * 3 .
3 ,  W i t h  b e n z o i c  a n h y d r i d e .
( i )  I n  p y r i d i n e *  a  c l e a r  s o l u t i o n  o b t a i n e d  o n  w a r m i n g  
t o g e t h e r  a c e n a p h t h e n o l  ( 2 , 1  g , ) ,  b e n z o i c  a n h y d r i d e  ( 1 * 4  g , ) 
a n d  p y r i d i n e  ( 1 0  c . c * )  w a s  a l l o w e d  t o  s t a n d  f o r  two d a y s ,  m o s t  
o f  t h e  t i m e  o n  a  s t e a m - b a t h ,  T h e  s o l u t i o n  w a s  t h e n  p o u r e d  
i n t o  e x c e s s  h y d r o c h l o r i c  a c i d  a n d  i c e ,  a n d  t h e  p r e c i p i t a t e  
t h u s  o b t a i n e d  w a s  e x t r a c t e d  w i t h  b e n z e n e  a n d  w a s h e d  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d .  M o s t  o f  t h e  s o l v e n t  w a s  e v a p o r a t e d "  
a n d  o n  c o o l i n g  a  c r y s t a l l i n e  p r e c i p i t a t e  f o r m e d  w h i c h  w a s  
i d e n t i f i e d  a s  a c e n a p h t h e n o l  b y  i t s  m e l t i n g - p o i n t  a n d  b y  a  
m i x e d  m e l t i n g - p o i n t  d e t e r m i n a t i o n  w i t h  a n  a u t h e n t i c  s a m p l e  
o f  a c e n a p h t h e n o l .
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( i i )  I n  b e n z e n e ?  a  s o l u t i o n  o f  a c e n a p h t h e n o l  ( 1 * 7 8  g . )  a n d  
b e n z o i c  a n h y d r i d e  ( 1 , 1 8  g . )  i n  b e n z e n e  ( 2 0  c , c , )  w a s  k e p t  o n  
a  s t e a m - b a t h  f o r  t w o  h o u r s .  On e v a p o r a t i o n  o f  t h e  s o l v e n t ,  
a  b r o w n  r e s i n  w a s  o b t a i n e d  w h i c h  w a s  r e d i s s o l v e d  i n  t h ei
m i n i m u m  a m o u n t  o f  w a r m  b e n z e n e .  T h e  a d d i t i o n  o f  e t h e r  t o  t h i s  
s o l u t i o n  c a u s e d  t h e  p r e c i p i t a t i o n  o f  a  y e l l o w  p o w d e r y  
s u b s t a n c e  w h i c h  a f t e r  h a v i n g  b e e n  f i l t e r e d  o f f  a n d  d r i e d  w a s  
f o u n d  t o  w e i g h  a p p r o x i m a t e l y  1 , 4  g . ,  a n d  t o  h a v e  a  m e l t i n g -  
p o i n t  a b o v e  2 3 0 ° C ,  I t  w a s  f o u n d  t o  h a v e  t h e  s a m e  p r o p e r t i e s  
a s  t h e  p o l y a c e n a p h t h y l e n e  e n c o u n t e r e d  i n  f u r t h e r  e x p e r i m e n t s ,
4 ,  W i t h  a c e t i c  a n h y d r i d e .
I n  a  f l a s k  f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r  a n d  a  c a l c i u m  
c h l o r i d e  t u b e ,  w e r e  p l a c e d  a c e n a p h t h e n o l  ( 4 , 3  g , ) ,  a c e t i c  
a n h y d r i d e  ( 2 , 6  g , - 1 0 0 %  e x c e s s )  a n d  a  t r a c e  o f  z i n c  c h l o r i d e .  
T h e  c l e a r  m i x t u r e  o b t a i n e d  on  h e a t i n g  t h e  m i x t u r e ,  w a s  
r e f l u x e d  f o r  t w o  h o u r s .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  
d i s t i l l e d  i n  v a c u o ;  t h e  p r o d u c t  w a s  c o l l e c t e d  a t  1 9 0 ° C , / 2 5 m m , , 
a n d  i t s  p h y s i c a l  p r o p e r t i e s  f o u n d  t o  b e  i d e n t i c a l  w i t h  t h o s e  
o f  t h e  a c e n a p h t h e n y l  a c e t a t e  o b t a i n e d  d u r i n g  t h e  p r e p a r a t i o n  
o f  a c e n a p h t h e n o l ,  ,
Y i e l d ;  4  g ,  (74% t h e o r , )
5 ,  , With 5 - n i t r o p h t h a l i c  anh y d r i d e ,
T h e  m e t h o d  u s e d  i n  t h e  p r e p a r a t i o n  o f  t h e  h y d r o g e n
n i t r o p h t h a l a t e  o f  a c e n a p h t h e n o l  w a s  t h e  s a m e  a s  t h a t  u s e d  i n
) • ■ 
t h e  p r e p a r a t i o n  o f  t h e  u n s u b s t i t u t e d  h y d r o g e n  p h t h a l a t e .
U s i n g  t h i s  p r o c e d u r e ,  a  r e a c t i o n  m i x t u r e  o f  a c e n a p h t h e n o l
( 6 , 1 2  g . ) ,  n i t r o p h t h a l i c  a n h y d r i d e  ( 6 , 9 5  g . )  i n  d r y  p y r i d i n e
( 2 5  c , c . )  y i e l d e d  5 g ,  ( 26 f 0 t h e o r , )  o f  a c e n a p h t h e n y l  h y d r o g e n
3 - n i t r o p h t h a l a t e , A f t e r  r e c r y s t a l l i s a t i o n  f r o m  e t h e r -
p e t r o l e u m  e t h e r  ( 4 0 - 6 0 ° ) ,  t h e  e s t e r  w a s  f o u n d  t o  h a v e  m , p .
1 5 2 ° C,
( P o u n d ;  C , 6 5 , 8 ;  H , 4 . 0 ;  C2 0 H1 3 0 6 N r e q u i r e s  C , 6 6 . 1 ;  H , 3 . 6 $ ) .
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I I I ,  R e a c t i o n s  of  Acenapht h e n o l  w i t h _ A c i d _ C h l o r i d e s ,
W ith  b e n z o y l  ch l o r i d e ,
a)  1 c . c ,  o f  b e n z o y l  c h l o r i d e  was added  t o  a w e l l - c o o l e d  
s o l u t i o n  o f  1 , 2  g ,  of a c e n a p h t h e n o l  i n  6 c , c ,  o f  d r y  p y r i d i n e .
The s o l u t i o n  was k e p t  a t  room t e m p e r a t u r e  o v e r n i g h t ,  and 
was t h e n  p o u red  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  c o n t a i n i n g  s m a l l  
p i e c e s  o f  i c e .  An o i l y  s u b s t a n c e  was p r e c i p i t a t e d ,  and  t a k e n  
up i n  e t h e r ,  -The e t h e r e a l  s o l u t i o n  was washed and  t h e n  d r i e d  
o v e r  a n h y d ro us  sodium s u l p h a t e .
A f t e r  rem o v a l  o f  t h e  d r y i n g  a g e n t  an d  cf t h e  s o l v e n t ,  t h e  
r e s i d u e  c r y s t a l l i s e d  a s  n e e d l e s ,  m e l t i n g  a t  144°C, and was 
i d e n t i f i e d  a s  unchanged  a c e n a p h t h e n o l ,
b )  3 , 4  g ,  o f  a c e n a p h t h e n o l  were d i s s o l v e d  i n  17 c . c ,  o f  
p y r i d i n e  a n d  t h e  s o l u t i o n  was c o o le d  i n  a f r e e z i n g - m i x t u r e .
2 , 9  c . c ,  o f  b e n z o y l  c h l o r i d e  were a d d e d ,  and  t h i s  r e s u l t e d  i n  
t h e  im m ed ia te  p r e c i p i t a t i o n  o f  a c r y s t a l l i n e  mass ,  The 
m i x t u r e ,  how ever ,  became homogeneous on warming;  a f t e r  
s t a n d i n g  a t  a b o u t  90°C, f o r  two h o u r s  and  t h e n  a t  room- 
t e m p e r a t u r e  f o r  48 h o u r s ,  t h e  m ix t u r e  was a c i d i f i e d  and 
t r e a t e d  a s  i n  ( a ) .  The p r o d u c t  was a g a i n  i d e n t i f i e d  as  
a c e n a p h t h e n o l ,
c) A s o l u t i o n  o f  a c e n a p h t h e n o l  (5 g . )  i n  d r y  p y r i d i n e  
(25 c . c . )  was c o o l e d ,  and a s o l u t i o n  of b e n z o y l  c h l o r i d e  ( 4 , 1  
g , )  i n  d r y  c h l o r o f o r m  (15 c . c . )  s l o w l y  r u n  i n .  The c l e a r  
m i x t u r e  was a l l o w e d  to s t a n d  on a w a t e r - b a t h  f o r  s e v e r a l
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d a y s ,  b u t  o n l y  a c e n a p h t h e n o l  c o u ld  be r e c o v e r e d  f r o m  t h e  
f i n a l  r e a c t i o n  m ix tu re . ,
d) 3 g ,  o f  a c e n a p h t h e n o l  were d i s s o l v e d  i n  30 e , c .  o f  
b e n z o y l  c h l o r i d e  and t h e  m ix t u r e  was warrned on a s t e a m - b a t h ,  
g i v i n g  a f t e r  a few h o u rs  a d a r k  g r e e n i s h - b r o w n  homogeneous 
s o l u t i o n .
The m i x t u r e  was c o o le d  and p o u r e d  i n t o  e x c e s s  N/2 c a u s t i c  
soda  s o l u t i o n .  A f t e r  s t a n d i n g  f o r  a few  h o u r s ,  a d a r k  s y r u p y  
mass h ad  s e p a r a t e d ,  and was e x t r a c t e d  w i t h  a s m a l l  amount o f  
b e n z e n e /  A d d i t i o n  o f  e t h e r  to  t h i s  e x t r a c t  p r o d u c e d  a y e l l o w  
powdery  p r e c i p i t a t e  w h ic h ,  a f t e r  d r y i n g ,  was f o u n d  t o  h a v e  a►
m e l t i n g - p o i n t  above 2 5 0 ° C , ,  an d  was assumed t o  b e  a po lym er  of
1
t h e  k i n d  a l r e a d y  e n c o u n t e r e d  i n  p r e v i o u s  e x p e r i m e n t s  w i t h  
a c e n a p h t h e n o l .
2 • W ith  a c e t y l  c h l o r i d e ,
A s m a l l  amount o f  a c e n a p h t h e n o l  was d i s s o l v e d  i n  a l a r g e  
e x c e s s  o f  a c e t y l  c h l o r i d e ,  an d  t h e  u n r e a c t e d  c h l o r i d e  was 
removed i n  a vacuum d e s i c c a t o r  o v e r  c a u s t i c  so da .
The r e s i d u e  c o n s i s t e d  o f  a d a rk - b r o w n  v i s c o u s  m ass ,  
w h ich ,  on  a d d i t i o n  o f  e t h e r ,  i m m e d ia t e l y  changed  i n t o  a 
y e l l o w  powder, The l a t t e r  was f i l t e r e d  and  i d e n t i f i e d  a s  
p o l y a c e n a p h t h y l e n e  by  i t s  v e ry  h i g h  m e l t i n g - p o i n t  and  i t s  
g i v i n g  a f l u o r e s c e n t  s o l u t i o n  in, b e n z e n e .
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With, p - t o l uene  s u l  p h o n ic  c h l o r i d e .
To a s o l u t i o n  o f  p - t o l u e n e  s u l p h o n i c  c h l o r i d e  ( 2 ,5  g , )  
i n  c o l d ,  dry, p y r i d i n e  (10 c - ,c . )  was added  a c e n a p h t h e n o l '
( 2 ,2 5  g , )  d i s s o l v e d  in  warm p y r i d i n e  (10 c , c , ) *  The c l e a r  
s o l u t i o n  t h u s  o b t a i n e d  was k e p t  on a s t e a m - b a t h  f o r  s e v e r a l  
h o u r s ,  and  t h e n  p o u re d  i n t o  i c e - c o l d  d i l u t e  h y d r o c h l o r i c  a c i d ,  
The p r e c i p i t a t e  was e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  d i l u t e  
a c i d ,  and d r i e d ,  •
Removal o f  t h e  s o l v e n t  f o l l o w e d  by  c o o l i n g ,  y i e l d e d  a
/ •
c r y s t a l l i n e  r e s i d u e  which  was i d e n t i f i e d  a s  u nchanged  
a c e n a p h t h e n o l .
IV .  He a c t i o n s  o f  Ac e n a pht h eno l  and, i t s  D e r i v a t i v e s wj  t  h  A c i  d s . (
1 ,  A c e n a p h th e n o l  and H y d r o c h l o r i c  A c id ,
2 g ,  o f  a c e n a p h t h e n o l  were  t r i t u r a t e d  i n  t h e  c o l d  w i t h  
10 c , c ,  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  b u t  no r e a c t i o f r  
a p p e a r e d  t o  t a k e  p l a c e .  The m ix t u r e  was warmed t o  a b o u t  
6 0 ° C , ,  when t h e  s o l i d  g r a d u a l l y  changed  i n t o  an  o i l y  s u b s t a n c e .  
A f t e r  c o o l i n g ,  t h e  aqueous l a y e r  was d e c a n t e d .  The r e s i d u e  
was d i s s o l v e d  in  b e n z e n e ,  g i v i n g  a s o l u t i o n  w h ic h  showed 
p ro n o u n c e d  f l u o r e s c e n c e .  The a d d i t i o n  o f  e t h e r  c a u s e d  t h e  
p r e c i p i t a t i o n  o f  a y e l l o w  powdery  m ass ,  wh ich  c o u l d  n o t  be 
r e c r y s t a l l i s e d  f ro m  a n y  o f  t h e  u s u a l  s o l v e n t s  a n d  c o u l d  o n l y  
be p u r i f i e d  by  d i s s o l v i n g  i t  i n  t h e  minimum amount of  b e n z e n e  
and r e p r e c i p i t a t i n g  i t  w i t h  e t h e r .  The p a l e  y e l l o w  powder 
f i n a l l y  o b t a i n e d  had  a m e l t i n g - p o i n t  abov e  2 5 0 ° C , ,  an d  i t s  
m o l e c u l a r  w e ig h t  was f o u n d  to  b e  r o u g h l y  a m u l t i p l e  o f  t h a t  
of a c e n a p h t h y l e n e , The a c t u a l ' p r o p o r t i o n  b e tw e e n  t h e  
m o l e c u l a r  w e i g h t s /w a s  n o t  t h e  same in  d i f f e r e n t  e x p e r i m e n t s ,  
and a p p e a r e d  t o  v a r y  w i t h  t h e  l e n g t h  o f  t r e a t m e n t  w i t h  a c i d .
2, A c e n a p h th e n o l  an d  Hydrobromic  A c i d , '
2 g„ of  a c e n a p h t h e n o l  were t r i t u r a t e d  a t  75 -80 °C ,  w i t h  
10 c , c *  o f  h y d ro b ro m ic  a c i d  s o l u t i o n ,  an d  a f t e r  t h o r o u g h  
s h a k i n g ,  t h e  m i x t u r e  was a l l o w e d  t o  c o o l  down. The s o l i d  
mass w h ich  had  fo rm ed  was e x t r a c t e d  w i t h  b e n z e n e ,  and  t r e a t e d  
a s  i n  ( 1 ) ,  w i t h  i d e n t i c a l  r e s u l t s .
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3,  A c e n a p h th e n o l  and an h y d ro u s  Form ic  A c id ,
U s in g  t h e  same e x p e r i m e n t a l  c o n d i t i o n s  a s  i n  ( 1 ) ,  i t  was 
fo u n d  t h a t  a c e n a p h t h e n o l  p o l y m e r i s e s  i n  t h e  prese*nce of f o r m i c  
a c i d  i n  t h e  same way as  i t  does  when t r e a t e d  w i t h  h y d r o c h l o r i c  
a c i d .
4 ,  A c e n a p h th e n y l  A c e t a t e  a n d  H y d r o c h l o r i c  A c id ,
On warm ing  a c e n a p h t h e n y l  a c e t a t e  and  h y d r o c h l o r i c  a c i d  
t o g e t h e r ,  p o l y m e r i s a t i o n '  was f o u n d  to  t a k e  p l a c e  i n  t h e  same 
way a s  w i t h  t h e  a l c o h o l  i t s e l f .
5 ,  A c e n a p h th e n y l  H ydrogen  P h t h a l a t e  and H y d r o c h l o r i c  A c id ,
The h y d r o g e n  p h t h a l a t e  was f o u n d  t o  b e h av e  i n  t h e  same
■way to w a rd s  h y d r o c h l o r i c  a c i d  a s  t h e  a c e t a t e ,  a l s o  y i e l d i n g  a 
p o ly m e r ,
6 ,  A c e n a p h th e n y l  H ydrogen  P h t h a l a t e  and  90% Fo rm ic  A c id ,
•To 2 , 2  g ,  o f  h y d r o g e n  p h t h a l a t e  were ad d ed  5 c , c ,  o f  90$>
f o r m i c  a c i d .  At room t e m p e r a t u r e ,  no r e a c t i o n  a p p e a r e d  to  
t a k e  p l a c e ;  on warming t h e  m ix t u r e  o f  a s t e a m - b a t h ,  i t  
r e m a in e d  h e t e r o g e n e o u s ,  b u t  t u r n e d  y e l l o w  and t h e n ,  a f t e r  10 
h o u r s ,  brown.  The s o l i d  f r a c t i o n  was f i l t e r e d  o f f  and 
d i s s o l v e d  i n  h o t  b e n z e n e ,  l e a v i n g  how ever  a r e s i d u e  w hich  was 
i d e n t i f i e d  a s  p h t h a l i c  a c i d .  To t h e  b e n ze n e  e x t r a c t  was 
added  an  e x c e s s  o f  e t h e r ,  and  t h i s  r e s u l t e d  in  t h e  p r e c i p i t a ­
t i o n  o f  t h e  a l r e a d y  p r e v i o u s l y  e n c o u n t e r e d  p o ly m e r ,  .
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V. P r e p a r a t i on of  A c e n a p h th e n y l  U r e t h a n e s ,
1 ,  Ph en y l  u r e t h a n e ,
3 , 4 2  g ,  o f  a c e n a p h t h e n o l  were d i s s o l v e d  in  150 c , c .  o f  
w arm,dry  b e n z e n e ,  and an e q u i m o l e c u l a r  amount  o f  p h e n y l  
i s o c y a n a t e  ( 2 , 4 0  g , )  i n  10 c . c ,  .of b e n z e n e  ad-ded.
The m ix t u r e  was r e f l u x e d  f o r  two h o u r s ,  and  most  o f  t h e  
s o l v e n t  t h e n  d i s t i l l e d  o f f .  On c o o l i n g ,  a b u l k y  p r e c i p i t a t e  
a p p e a r e d  which  a f t e r  d r y i n g ,  and r e e r y s t a l l i s i n g  f r o m  a l c o h o l ,  
was f o u n d  t o  m e l t  a t  137°0 .  (Pound 0 ,7 8 ,9 *  H , 5 . 2 ;  c i 9Hi 5° 2 ^  
r e q u i r e s  0 , 7 8 , 9 ;  H ,5 ,2 % ) ,
2 ,  o^-Naphthyl  u r e t h a n e ,  ti
To a vs/arm s o l u t i o n  o f  3 , 4 5  g ,  o f  a c e n a p h t h e n o l  i n  150 
c . c ,  o f  b e n z e n e  were added  3 .4 3  g ,  o f  <y~naphthyl i s o c y a n a t e .
The c l e a r  s o l u t i o n  was r e f l u x e d  f o r  a few  h o u r s ,  and most  o f  
t h e  s o l v e n t  was t h e n  d i s t i l l e d  o f f .  The r e s i d u e  was. |
t o
' lir e c r y s t a l l i s e d  f ro m  b e n z e n e ,  f
M,p, o f  t h e  n a p h t h y l  u r e t h a n e  w h ich  was o b t a i n e d  a s  s m a l l  
p l a t e s  was 196°C, (Pound 0 , 8 1 , 4 ;  H , 5 , 1 8 ;  Cg^H^OgN r e q u i r e s  
0 , 8 1 . 4 ;  K,5.C7y.i).
3 ,  p -X e n y l  u r e t h a n e .
A r e a c t i o n  m ix t u r e  . c o n s i s t i n g  o f  3 . 0 8  g, o f  a c e n a p h t h e n o l
and 3 ,5 2  g ,  o f  p - x e n y l .  i s o c y a n a t e  d i s s o l v e d  i n  150 c . c ,  o f
■
b e n z e n e ,  was r e f l u x e d  f o r  a few  h o u r s ,  a n d .m o s t  o f  t h e  s o l v e n t  j 
t h e n  e v a p o r a t e d .  The p - x e n y l  u r e t h a n e  t h u s  o b t a i n e d  was 
r e c r y s t a l l i s e d  f ro m  b e n z e n e  y i e l d i n g  c o l o u r l e s s  n e e d l e s  j
m e l t i n g  a t  1 7 7 - 1 7 8 ° 0 ,  - (Pound 0 , 8 2 . 7 ;  H , 5 , 5 1 ;  N , 4 , 10; Cg^H^gOgN. 
r e q u i r e s  0 , 8 2 . 3 ;  H , 5 . 2 4 ;  N ,3 .83 % ) .
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VI, At t em pted. Reac t i o n  of  Acenaph t h e ny l  Hy d ro g e n  Fht ha l a t e  
w i t h  Sodium p - T o lu e n e  Su lph i n a t e .
A s o l u t i o n  of  a c e n a p h t h e n y l  h y d r o g e n  p h t h a l a t e  ( 1 , 8 4  g , )  
i n  0 .25N ,  aqu eo u s  c a u s t i c  soda  ( 2 3 ,2  c , c , )  c o n t a i n i n g  a t r a e e  
o f  e t h y l  a l c o h o l ,  was f i l t e r e d  i n t o  a s o l u t i o n  o f  sodium 
p - t o l u e n e  s u l p h i n a t e  ( 1 .0 3  g , )  i n  w a t e r  (25 c . c , ) .
The c l e a r  s o l u t i o n  was t h e n  l e f t  i n  an i c e - c h e s t  f o r  
s e v e r a l  h o u r s ,  b u t  no p r e c i p i t a t e  a p p e a r e d .  The s o l u t i o n  was 
a l l o w e d  t o  s tand,  a t  room t e m p e r a t u r e ,  b u t  e v en  a f t e r  e i g h t  
days  no c r y s t a l s  had  s e p a r a t e d .
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V I I .  . 'C o n s t i t u t i o n  o f  P o l y a c e n a p h t h y l e ne ,
Three  sam ples  o f  p o l y a c e n a p h t h y l e n e , o b t a i n e d  from 
d i f f e r e n t  r e a c t i o n s ,  were a n a l y s e d  and th e  r e s u l t s  a r e  
shown b e l o w :
Reac t i o n $ C
9 2 .9
9 2 .9
$ H
5 .2
5 .3
5 .3
M.l
A c e n a p h th e n o l  + HC1 
A c e n a p h th e n o l  + PhCOGl
A c e n a p h th e n o l  + (PhCOjgO 9 2 .9   1800
In a l l  t h r e e  c a s e s ,  t h e r e  a p p e a r s  to  be an oxygen 
c o n t e n t  o f  a b o u t  1 , 8 $ ,  w h ich  makes i t  most u n l i k e l y  t h a t  the  
po lym er  m e r e ly  c o n s i s t s  o f  a c e n a p h th e n e  r e s i d u e s ,  v i z .
-CH—CH- Such a compound would have  c o n t a i n e d  9 4 ,7 $
c a rb o n  and 5 . 3 $  h y d r o g e n .  On t h e  o t h e r  
h a n d ,  i f  one assumes the po lym er  t o  c o n s i s t  
o f  a s t r a i g h t  c h a i n  o f  su c h  r e s i d u e s ,  t e r m i n a t e d  a t  b o t h  
ends  w i t h  a h y d r o x y l  g r o u p  ( s e e  b e lo w ) ,  the  above a n a l y s e s  
would a g r e e  w i t h  the  c a l c u l a t e d  v a l u e s  f o r  su c h  a po lym er
.. where n = l l  to  12 (M,W. 17 44 ) :  HO- -CH—CH- rOH
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